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ATMOSPHERIC  CONDITIONS  RELATED  TO  BLOWUP  FIRBS 

by 
George  M.  Byrara 


INTRODUCTION 


Occasionally  a  forest  fire  burns  with  an  intensity  that  seems  far 
out  of  proportion  to  apparent  burning  conditions.   Sometimes  it  multiplies 
-its  rate  of  energy  output  many  times  in  a  short  space  of  time.  Although 
infrequent,  these  unusual  fires  have  over  a  long  period  of  time  been   re- 
sponsible for  the  major  loss  of  life  in  forest  fires  and  a  large  part  of 
the  losses  in  property  and  forest  values.  Each  blowup  fire  raises  the 
question:  What  can  we  do  to  recognize  conditions  causing  extreme  fire 
behavior  and  how  can  we  predict  them  in  advance? 

From  a  study  of  atmospheric  conditions  that  have  accompanied  a  num- 
ber of  blowup  fires,  there  emerges  a  rather  definite  picture.  Briefly, 
fires  seem  most  likely  to  blow  up  when  the  following  conditions  exist 
s  imultaneously : 

(1)  Fuels  are  dry  and  plentiful, 

(2)  The  atmosphere  is  either  unstable  or  was  unstable  for 
some  hours,  and  possibly  days,  prior  to  the  fire. 

(3)  The  wind  speed  of  the  free  air  is  I8  miles  per  hour 
or  more  at  an  elevation  equal  to,  or  not  much  above, 
the  elevation  of  the  fire. 

(h)      The  wind  decreases  with  height  for  several  thousand 

feet  above  the  fire  with  the  possible  exception  of  the 
first  few  hundred  feet. 

We  may  have  reached  the  point  where  we  can  soon  apply  our  knowledge 
of  extreme  fire  behavior  more  effectively  than  has  been  possible  in  the 
past.   Improved  fire  danger  meters,  such  as  the  8-0  and  8-W  with  a  buildup 
index  described  by  Keetch  (6)  will  give  us  advance  warning  when  fuels  are 
approaching  the  point  where  they  will  support  conflagration-typ)e  fires. 
In  a  general  way  the  effects  of  fuel  type,  stand  type,  and  topography  are 
known.  The  major  unknowns  have  been  certain  atmospheric  factors  which  have 
been  the  subject. of  a  study  at  the  Southeastern  Forest  Experiment  Station 
during  the  last  k   years.  This  report  presents  some  of  the  results  of  that 


study  and  is  directed  primarily  toward  the  group  of  people  who  have  the  re- 
sponsibility of  getting  results  of  fire  behavior  research  into  practice. 
This  group  includes  fire  control  men  who  must  develop  and  improve  fire  sup- 
pression techniques  and  safety  methods  as  fire  behavior  knowledge  advances. 
It  includes  the  field  men  who  apply  these  developments  on  actual  fires.   It 
includes,  too,  the  fire  weather  forecasters  on  whom  must  ultimately  fall 
the  day -by-day  application  of  a  large  part  of  our  knowledge  of  fire  behavior 
and  its  response  to  the  ever  changing  elements  of  the  weather. 

The  terras  "blowup"  and  "conflagration"  will  be  used  in  this  paper 
without  an  attempt  at  precise  definitions.   In  general  a  blowup  fire  is  one 
which  suddenly,  and  often  unexpectedly,  multiplies  its  rate  of  energy  output 
many  times.   Sometimes  it  does  so  in  a  matter  of  minutes.   The  blowup  fire 
can  be  large  or  small. 

A  conflagration  will  be  assumed  to  be  any  large  fire  which  has  taken 
on  storm  characteristics. 


METHODS  OF  STUDY— CASE-HISTORY  FIRES 

The  approach  used  in  the  present  study  consisted  of  case-history  pro- 
cedure accompanied  by  theoretical  and  analytical  work  in  fire  physics.   Data 
are  of  two  kinds.  First  are  the  weather,  fuel,  and  inflammability  conditions 
which  existed  at  the  time  of  a  given  fire.  Second  are  the  details  and  observ- 
ations of  fire  behavior. 

From  an  extensive  network  of  stations  the  U,  S.  Weather  Bureau  has  de- 
tailed records  including  (at  least  for  the  last  I5  years)  wind,  temperature, 
and  humidity  data  for  the  upper  atmosphere.   It  is  thus  possible  to  obtain 
for  a  specific  fire  not  only  fuel  and  inflammability  conditions  (either  from 
fire  danger  records  or  from  Weather  Bureau  records)  but  upper  air  conditions 
as  well. 

Some  of  the  observations  and  details  of  behavior  are  written  down  in 
fire  reports,  but  most  of  the  information  is  still  in  the  memories  of  men 
who  worked  on  the  fires.  Fire  behavior  may,  therefore,  be  difficult  to  re- 
construct at  times,  especially  on  fires  which  occurred  a  number  of  years  ago. 
Usually  however,  a  surprising  amount  of  detail  can  be  obtained  by  talking 
with  men  who  were  on  the  fires  and  by  going  over  the  fire  area  with  them. 

The  case-history  method  becomes  much  more  effective  when  preceded  by 
or  accompanied  by  analytical  work  on  the  energy  processes  in  fire  behavior 
and  the  manner  in  which  these  processes  are  affected  by  conditions  in  the 
atmosphere.   The  analytical  work  indicated  in  advance  some  of  the  fire  be- 
havior characteristics  one  might  expect,  as  well  as  some  of  the  conditions 
to  look  for  in  the  upper  atmosphere.  For  example,  work  on  the  energy  con- 
version process  indicated  that  on  severe  fire  days  the  wind  shear  should  be 
low;  that  is,  the  wind  speed  should  not  increase  with  height  as  it  normally 
would  do.  When  this  condition  was  looked  for,  it  was  found  that  the  wind 
shear  was  not  only  low  but  was  usually  negative  on  the  worst  days.  This 
meant  that  the  wind  speed  decreased  with  height,  which  is  the  most  favorable 
condition  for  the  formation  of  an  active  convection  column  in  which  the 
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conversion  of  heat  energy  to  turbulent  energy  takes  place.  A  discussion  of 
energy  conversion  is  outside  the  scope  of  this  paper,  but  is  discussed  brief- 
ly in  the  appendix. 


EXTREME  FIRE  BEHAVIOR 

The  Facts  of  Fire  Behavior 

As  more  case-history  fires  are  studied,  it  is  possible  to  assemble  a 
collection  of  statements  about  these  fires  which  could  be  called  the  facts 
of  fire  behavior  or,  perhaps  better,  the  facts  of  extreme  fire  behavior.   It 
seems  permissible  to  call  them  facts,  because  most  investigators  would  prob- 
ably agree  on  their  essential  meaning  even  though  different  investigators 
might  explain  them  differently.   Possibly  the  simplest  way  to  define  and  in- 
troduce the  problem  of  extreme  fire  behavior  is  to  list  known  conditions 
associated  with  blowups.  The  list  contains  many  seeming  contradictions  which 
any  effective  solution  must  resolve: 

(1)  Most  severe  fires  and  a  considerable  number  of  blowups 
occur  during  the  middle  of  the  afternoon  on  sunny  days. 
On  such  days  the  atmosphere  is  often  turbulent  and  un- 
stable to  a  height  of  several  thousand  feet.  However, 
some  of  the  worst  forest  conflagrations  in  the  United 
States  have  either  occurred  at  night  or  reached  the 
peak  of  their  intensity  at  night  (usually  between  sun- 
down and  midnight).  At  this  time  the  lower  layers  of 
the  atmosphere  (up  to  500  feet  or  more)  are  usuaQ.ly 
stable. 

(2)  Some  of  the  worst  western  fires  in  the  past  I5  years 
have  been  in  rough  country,  which  might  indicate  that 
topography  is  a  dominating  factor.  On  the  other  hand, 
there  have  been  conflagrations,  such  as  those  that 
occurred  in  the  Lake  States  many  years  ago,  which 
burned  in  nearly  flat  or  rolling  country.   Some  of  these 
conflagrations  have  been  compared  to  "tornadoes  of  fires," 

(3)  An  intense  fire  may  occasionally  spread  rapidly  across 
slope  or  downslope  at  night  in  the  general  direction  of 
the  cool  downslope  winds.  Yet  this  same  rapid  downslope 
spread  may  happen  in  the  middle  of  the  afternoon  when  the 
surface  winds,  if  any,  would  be  upslope.  Fires  have 
traveled  across  drainages  (upslope  and  downslope)  as 
though  these  did  not  exist. 

(k)     Turbulence  in  the  atmosphere  seems  to  be  closely  related 
to  extreme  fire  behavior;  yet  on  a  large  proportion  of 
warm,  sunny  days  the  atmosphere  is  unstable.   Often,  fires 
do  not  build  up  to  extreme  intensity  on  such  days. 

(5)  Many  intense  fires  have  been  accompanied  by  high  winds; 
but  some  of  the  most  dangerous  and  erratic  fires  have 
burned  when  the  wind  speed  was  not  especially  high. 
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(6)  High  temperatures  and  low  relative  hiomidity  accompany  a 
large  proportion  of  severe  fires,  but  some  of  the  most 
intense  and  rapid-spreading  fires  have  burned  when  the 
temperature  was  low  and  falling.   The  fires  in  the  East 
and  Southeast  in  the  fall  of  1952  are  examples. 

(7)  Prolonged  periods  of  drought  and  dry  weather  show  a 
strong  correlation  with  intense  hot  fires_,  but  the  Brass- 
town  fire  in  South  Carolina  in  March  1953  burned  only  a 
week  after  nearly  two  inches  of  rain  had  fallen  on  ground 
well  charged  with  winter  rainfall.  However,  both  burning 
index  and  buildup  index  were  high  on  this  day. 

(8)  The  amount  of  fuel  available  to  a  fire  is  an  Important 
factor  in  its  behavior.  At  times  the  effect  of  an  in- 
crease in  quantity  of  fuel  on  fire  intensity  appears  to 
be  considerably  greater  than  would  be  expected  from  the 
actual  fuel  increase  itself.  For  example,  doubling  the 
amount  of  fuel  might  increase  the  apparent  intensity  four 
or  five  times. 

(9)  Arrangement  as  well  as  quantity  of  fuel  is  important.  Ex- 
treme fire  behavior  seems  most  likely  to  occur  in  dense 
conifer  stands.   Intense  fires  also  build  up  in  stands  of 
evergreen  brush,  and  in  the  South  can  readily  cross  swamps 
if  the  brush  is  dense  enough. 

(10)  On  those  fires  to  which  one  would  be  most  likely  to  apply 
the  term  "blowup"  (owing  to  the  sudden  and  often  unexpected 
buildup  of  turbulent  energy) ,  there  is  an  obvious  and  well 
developed  convection  column  which  may  extend  high  into  the 
atmosphere. 

(11)  Large  fires  exhibiting  extreme  behavior  have  been  known  to 
put  up  convection  columns  to  a  height  of  25,000  feet  or 
more.   Since  about  70  percent  of  the  total  mass  of  air  is 
below  the  tops  of  such  convection  columns,  these  fires  have 
literally  pierced  the  atmosphere.  They  are  volume  phenomena 
and  have  storm  characteristics  like  certain  other  disturbances 
in  the  atmosphere.  This  in  part  seems  to  explain  why  they  do 
not  conform  to  the  "rules"  of  fire  behavior.  These  "rules" 
are  based  on  the  far -more -frequent  ordinary  fire,  which  is 
pretty  much  a  surface  phenomenon. 

A  Unifying  Concept 

The  preceding  statements  illustrate  the  baffling  nature  of  the  ex- 
ceptional fire  that  does  not  always  conform  to  the  accepted  principles  of 
fire  behavior.   The  apparent  contradictions  in  fire  behavior  facts  warn  us 
of  the  possible  futility  in  attempting  to  explain  each  fact,  or  even  cer- 
tain groups  of  facts,  separately.  However,  these  very  contradictions,  plus 
certain  basic  physical  principles,  indicate  the  existence  of  a  single  over- 
all unifying  concept  which  would  be  consistent  with  all  the  facts  of  fire 
behavior.  The  recognition  of  blowup  conditions  at  the  time  they  exist,  as 
well  as  their  eventual  prediction  several  hours  in  advance,  seems  to  require 
this  type  of  solution. 
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Although  it  may  at  first  appear  over-simplified,  the  energy  conversion 
concept  seems  to  meet  the  unifying  requirements.  It  can  be  reduced  to  three 
groups  of  factors: 

(1)  Stability  conditions  in  the  atmosphere. 

(2)  Wind  speed  and  winji  shear  in  the  atmosphere. 

(3)  Fuel  (and  stand)  conditions. 

Strangely  enough,  topography  as  such  does  not  appear  directly  in  the 
above  groups  of  factors;  its  major  effects  can  be  handled  most  simply  by  let- 
ting them  operate  through  groups  1  and  2. 

Turbulence,  Instability,  and  Jet  Currents 

The  terms  "turbulence"  and  "instability"  are  often  used  interchangeably 
without  causing  confusion,  although  their  meanings  are  not  the  same.   Insta- 
bility is  a  condition  of  the  atmosphere  which  causes  turbulence.   If  the  tem- 
perature decreases  upward  at  a  rate  of  5.3  degrees  or  more  per  thousand  feet, 
the  atmosphere  is  unstable.  Thermal  turbulence  is  the  direct  result  of  in- 
stability such  as  occurs  when  the  earth's  surface  is  strongly  heated  by  the 
sun^  or  when  cold  air  passes  over  warm  ground.  An  unstable  atmosphere  is 
in  effect  "top  heavy,"  and  the  resulting  turbulent  air  motions  tend  to  re- 
store its  balance.  Warm  surface  air  will  be  rising,  and  cold  air  from  aloft 
will  be  falling.  These  air  currents  are  the  updrafts  and  downdrafts  which 
one  experiences  when  the  flying  is  bumpy. 

Turbulence  seems  to  affect  the  behavior  of  fires  both  directly  and 
indirectly.  The  direct  effects  are  fairly  common  and  are  the  easier  of  the 
two  to  understand.  They  are  most  evident  during  the  afternoon  hours  when  the 
instability  of  the  atmosphere  is  greatest.  At  such  times  fires  show  a  tend- 
ency to  crown  easily  and  travel  rapidly  upslope.  Winds  are  gusty  and  variable, 
especially  in  the  vicinity  of  fires.   Small  whirlwinds  and  local  updrafts  may 
cause  considerable  spotting  for  short  distances  across  fire  lines.  Fires  of 
all  sizes  are  affected.   The  direct  effects  of  turbulence  reach  their  peak  at 
the  time  when  relative  humidity  and  fuel  moisture  are  lowest,  which  makes 
them  difficult  to  separate  from  fuel  inflammability  effects. 

The  relation  of  turbulence  to  fire  behavior  has  been  discussed  in 
earlier  papers  by  Crosby  (3.)  and  Byram  and  Nelson  (2) .  Their  papers  dealt 
more  with  the  direct  effects  of  turbulence  on  fire  behavior  than  they  did 
with  the  indirect  effects.  The  possible  existence  of  these  latter  effects 
was  not  known  at  that  time. 

Turbulence  appears  to  exert  its  most  serious  and  potentially  most 
dangerous  effects  indirectly.  Large  fires  of  high  energy  output  result  from 
a  peculiar  wind  condition  which  seems  to  be  caused  by,  or  is  closely  asso- 
ciated with,  unstable  air.  Briefly,  this  wind  condition  can  be  described 
as  a  stratum  of  air  in  which  the  lower  layers  are  moving  faster  than  the 
upper  layers.  The  maxlmimi  speed  seems  to  come  at  an  altitude  equal  to  or 
somewhat  above  (usually  not  more  than  1000  feet)  the  elevation  of  the  fire. 
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A  current  of  relatively  fast  moving  air  near  the  earth's  surface  can 
be  regarded  as  a  miniature  model  of  the  well  known  jet  stream  high  in  the 
atmosphere.  The  jet  streeuni/  usually  attains  maximum  speed  between  20,000 
and  40,000  feet,  and  it  frequently  exceeds  100  miles  per  hour.  The  lesser 
currents  near  the  earth  surface,  therefore,  resemble  it  only  in  structure, 
but  for  convenience  they  will  be  referred  to  as  "jet  currents."  The  height 
at  which  the  wind  speed  is  a  maximum  will  be  referred  to  as  the  "jet  point." 
This  jet  point  may  be  from  100  feet  or  less  above  the  surface  up  to  several 
thousand  feet. 

The  Blowup  Process  and  the  Convection  Column 

It  is  the  decrease  of  wind  speed  with  height  which  permits  a  fire  to 
build  Its  "chimney"  or  convection  column.  Once  this  chimney  is  well  started, 
a  violent  chain  reaction  in  energy  conversion  takes  place  which  may  not  level 
off  until  the  convection  column  is  several  thousand  feet  high.  During  this 
time  the  fire  is  converting  a  part  of  its  heat  energy  into  turhulent  energy, 
which  in  turn  drives  the  fire  on  to  an  ever  increasing  intensity.  This  seems 
to  be  the  physical  picture  of  the  blowup  process.   It  can  come  suddenly  and 
often  unexpectedly.   It  can  build  up  with  an  accelerating  rapidity  if  there 
is  a  plentiful  supply  of  burnable  fuel. 

The  blowup  fire  is  in  effect  a  large  heat  engine  capable  of  trans- 
forming a  part  of  its  heat  energy  into  the  destructive  turbulent  or  kinetic 
energy  of  motion.  An  essential  part  of  this  heat  engine  is  the  convection 
column  in  which  the  expansion  and  cooling  of  the  hot  gases  complete  the  energy 
transformation.  From  the  energy  standpoint,  it  is  not  surprising  that  the 
worst  features  of  extreme  fire  behavior,  such  as  whirlwinds,  updrafts,  down- 
drafts,  and  long  distance  spotting  are  closely  related  to  the  convection 
column,  and  hence  to  the  decrease  of  wind  speed  with  height. 

The  blowup  fire,  or  heat  engine  fire,  bears  about  the  same  relation 
to  the  ordinary  fire  that  a  large  railway  locomotive  bears  to  a  small  house 
furnace.  The  furnace  converts  fuel  into  heat  and  nothing  more.  The  locomo- 
tive on  the  other  hand  converts  not  only  fuel  into  heat  but  in  turn  converts 
a  part  of  its  heat  energy  into  the  driving  or  kinetic  energy  of  motion,  which 
is  evident  in  the  speed  of  the  locomotive  and  the  cars  it  pulls,  A  well- 
developed  blowup  fire  probably  equals  or  exceeds  the  efficiency  of  the  coal- 
burning  locomotive  in  that  it  may  convert  a  higher  percent  of  its  heat  into 
the  energy  of  motion  of  the  gases  in  its  convection  column. 


l/  More  than  a  year  ago  Vincent  J.  Schaefer  of  the  Munitalp  Founda- 
tion pointed  out  the  possibility  that  fire  behavior  might  be  influenced  by 
the  presence  of  the  jet  stream.  There  seems  to  be  no  reason,  as  far  as  the 
writer  knows,  why  high  winds  20,000  to  i+0,000  feet  aloft  should  affect  fires 
on  the  ground.  However,  in  a  large  number  of  the  case  history  fires  the  jet 
stream  was  either  overhead  on  the  day  of  the  fire,  a  day  or  two  preceding 
the  fire,  or  sometimes  a  day  or  so  after  the  fire.   No  attempt  was  made  in 
this  investigation  to  relate  the  presence  of  the  jet  stream  to  effects  in 
the  lower  atmosphere  which  might  bear  on  fire  behavior,  but  it  might  be  well 
worth  looking  into.  Possibly  both  the  jet  stream  and  the  lesser  jet  currents 
are  associated  with  certain  pressure  systems  in  much  the  same  way. 
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Some  of  the  technical  aspects  of  the  convection  and  the  energy  con- 
version process  are  given  in  the  appendix. 

Wind  speed  Profiles  on  Blowup  Days 

The  peculia^r  decrease  of  wind  speed  with  height,  or  jet  current, 
which  is  present  on  days  when  extreme  fire  behavior  occurs  can  be  illus- 
trated bQst  by  showing  the  profiles  which  existed  near  the  times  and  places 
where  some  of  the  blowup  or  conflagration  type  fires  burned.  These  are 
shown  in  figure  1  for  fires  that  occurred  in  widely  separated  areas  Of  the 
United  States,  in  different  topographic  locations,  and  in  different  types 
of  fuel.  Wind  speeds  are  shown  for  heights  up  to  l4,0C0  feet  above  the 
elevation  of  the  fires.   In  order  to  reduce  fires  which  occurred  at  differ- 
ent elevationB  to  a  common  base,  the  wind  speed  profile  curves  are  plotted 
with  the  origin  (zero  height)  taken  at  the  level  of  the  fire.  The  curves 
are  believed  to  be  good  approximations  of  the  profiles  which  existed  at  the 
times  and  places  where  the  fires  burned.   The  precise  elevations  of  the 
blowups  on  the  Mann  Gulch  and  McVey  fires  were  not  known,  so  for  purposes 
of  comparison  they  were  tentatively  placed  equal  to  the  height  of  the  jet 
point.   This  was  about  56OO  feet  above  sea  level  for  the  Mann  Gulch  fire 
and  about  5500  feet  for  the  McVey  fire.  However,  the  profiles  indicate 
that  the  blowups  might  have  taken  place  as  much  as  5OO  feet  lower  than  the 
jet  point  and  as  much  as  6OO  or  8OO  above.  Also,  the  height  of  the  jet 
points  may  have  been  slightly  different  at  the  location  of  the  fires  than 
at  the  pilot  balloon  stations  (Rapid  City,  South  Dakota,  for  the  McVey  fire, 
and  Great  Falls,  Montana,  for  the  Mann  Gulch  fire). 

curve  A  is  the  wind  speed  profile  over  Charleston,  South  Carolina, 
4:00  p.m.  on  April  I7,  1950.   On  this  day  intense,  erratic  fires  burned  in 
the  coastal  plains  of  both  North  and  South  Carolina.   The  worst  of  these 
was  the  Hofmann  Forest  fire  in  which  an  estimated  30,000  acres  burned  be- 
tween 3:00  p.m.  and  10:00  p.m.   On  this  day  the  surface  jet  current  seemed 
to  extend  from  Georgia  to  southern  Virginia.   It  seemed  to  be  deepest  and 
most  intense  over  eastern  North  Carolina. 

Curve  B  in  figure  1  is  the  estimated  wind  speed  profile  over  Rapid 
City,  South  Dakota,  at  11:00  p.m.  on  July  10,  1939,  when  the  McVey  fire  on 
the  Black  Hills  National  Forest  first  blew  up.   This  fire  is  described  in 
greater  detail  in  the  appendix. 

Curve  C  is  the  wind  speed  profile  over  Red  Bluff,  California,  at 
12:14-1  a.m.  July  10,  1953,  a  little  over  two  hours  after  the  blowup  on  the 
Rattlesnake  fire  on  the  Mendocino  National  Forest. 

Curve  D  is  the  wind  speed  profile  over  Great  Falls,  Montana,  at 
8:00  p.m.  August  5,  191^-9  about  2-l/2  hours  after  the  blowup  on  the  Mann 
Gulch  fire. 

In  addition  to  the  general  decrease  of  wind  speed  with  height,  the 
profiles  in  figure  1  illustrate  another  point  which  may  be  of  considerable 
importance.   This  is  the  close  agreement  between  the  curves  in  speed  of  wind 
at  an  elevation  equal  to  or  somewhat  greater  than  the  elevation  of  the  fire. 
The  average  wind  speed  for  the  group  is  in  the  neighborhood  of  21  or  22  miles 
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Figure  1. — Wind  speed  profiles  from  pilot  balloon  data  for  k   days  on  which  blowup  or 
conflagration  type  fires  occurred.  Each  curve  represents  the  wind  speed  profile  over 
the  pilot  balloon  station  nearest  the  fire  area  and  at  the  time  closest  to  the  period 
when  the  blowup  took  place.  Wind  speed  is  shown  for  different  heights  above  the  ele- 
vation of  the  fires  up  to  1^^,000  feet. 
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per  hour'  Jiear  this  elevation,  which  is  not  a  high  wind  speed  in  the  free 
air.   It  is  likely  that  for  the  most  dangerous  fires  the  wind  speed  near 
the  jet  point  will  he  in  the  l8  to  2U-mile-per-hour  zone  for  light  to 
medium  fuels  {h   to  12  tons  per  acre),  and  possibly  somewhat  higher,  20  to 
28  miles  per  hour,  in  heavy  fuel  (12  to  25  tons  per  acre). 

There  appear  to  be  good  theoretical  reasons  for  the  existence  of  a 
critical  wind  speed  zone.   It  is  in  this  zone  th^t  the  power  of  the  wind 
begins  to  surpass  the  power  developed  by  the  fire  heat  engine.  At  high 
wind  speeds  the  power  of  the  wind  controls  many  behavior  characteristics, 
such  as  direction  of  spread  and  rate  of  spread.  At  low  wind  speeds  the 
fire  is  dominant  in  controlling  behavior  characteristics.   Perhaps  the 
critical  wind  speed  zone  should  be  regarded  as  a  "tug-of-war"  region  in 
which  fire  behavior  dominance  passes  alternately  from  wind  to  fire.   This 
may  be  the  main  cause  of  the  unpredictable  behavior  of  fires  in  the  criti- 
cal wind  speed  zone.   In  addition,  the  wind  speeds  in  this  zone  may  be 
those  which  enable  the  heat  engine  to  operate  most  efficiently. 


EXTREME  FIRE  BEHAVIOR  AM)  WIND  PROFILE  CLASSIFICATION 

The  tendency  of  the  wind  speed  profile  to  fall  into  fairly  definite 
classes  at  those  times  when  extreme  fire  behavior  exists,  as  illustrated 
in  figure  1,  suggests  the  possibility  of  a  rather  simple  classification 
system  (the  method  might  be  numerical  or  graphical,  or  it  could  even  be  set 
up  in  some  other  symbolic  way).  However,  for  the  sake  of  simplicity  in  a 
preliminary  system,  it  seems  desirable  to  use  either  the  actual  profiles  at 
the  time  of  specific  case-history  fires,  or  composites  of  actual  profiles. 

This  has  been  done  for  the  type  profiles  in  figures  2  and  3»  Figures 
h   thr&ogh  12  give  the  wind  speed  and  direction  profiles  for  specific  fires. 
There  is  good  possibility  that  eventually  these  types  (or  their  equivalent 
in  some  other  classification  method)  can  be  "calibrated"  in  terms  of  more 
definite  fire  behavior  characteristics.  At  present  we  can  do  this  only  in 
a  general  way,  and  some  of  the  relationships  may  have  to  be  modified  later. 
Even  so,  this  information  may  be  of  considerable  help  to  fire  weather  fore- 
casters and  fire  control  personnel.   Perhaps  the  type  curves  in  figures  2 
and  3;  as  well  as  the  speed  and  direction  profiles  in  figures  h   through  12, 
can  be  thought  of  as  the  beginning  of  a  "rogue's  gallery"  of  extreme  fire 
behavior  information.   It  is  known  that  extreme  fire  behavior  came  on  days 
when  the  wind  speed  profile  could  be  classed  in  one  of  the  six  types  from 
1-a  to  3-c.  It  is  also  known  that  there  was  a  considerable  difference  in 
behavior  between  certain  types.  There  was  a  difference  in  behavior  even 
within  a  type,  depending  on  the  height  of  the  jet  point  above  the  ground, 
the  speed  at  the  jet  point,  and  the  wind  speed  near  the  ground.   Jet  points 
are  indicated  in  figures  2  and  3» 

It  might  seem  that  the  temperature  profile  of  the  atmosphere  should 
be  included  in  a  classification  system  for  extreme  fire  behavior.  More 
work  will  be  done  on  this  part  of  the  problem,  but  the  study  thus  far  indi- 
cates that  the  complete  wind  profile  (speed  and  direction)  correlates  nearly 
as  well  with  ext-reme  fire  behavior  as  do  both  the  wind  and  temperature  pro- 
files.  The  correlation  of  complete  wind  profile  with  extreme  fire  behavior 


-  9 


12 


(ft  </i 


Type  l-a 


10  20  30  40 

WIND  SPEED  (MILES   PER  HOUR) 


12 


«ft 


50 


Type  l-b 


\/ 

J 

f 

\ 

10  20  30  40 

WIND  SPEED   (MILES  PER  HOUR) 


50 


Type  2 -a 


Type  2-b 


5       9 

(A  Uj 

O  ^  6 

03  *? 

^  ?: 


/ 

1 

{ 

\ 

y  Point 

Co  K 
3: 


/ 

/ 

( 

\ 

\ 

J 

Jet 
Point 

10  20  30  40 

WIND  SP^EED  (MILES  PER   HOUR) 


50 


10  20  30  40 

WIND    SPEED   (MILES  PER  HOUR) 


50 


Figure  2. — These  curves  illustrate  four  types  of  wind  profiles  that  appear  to  be  po- 
tential trouble  makers.  Note  that  wind  speeds  are  shown  for  different  heights  above 
the  pilot  balloon  station  rather  than  height  above  the  fire. 


-  10 


12 


Ci         9 
It' 


Type  3-b 


5; 


J 

1 

v 

/ 

^ 

\  Jet 

y  Point 

12 


^       9 


Type  Z-c 


^ 

/ 

^ 

c 

^*^ 

^ 

"^  Jet 

— ^Point 

10  20  30  40  50 

WIND  SPEED  (MILES   PER  HOUR) 


5: 


60  20  30  40  50  60 

WIND  SPEED   (MILES   PER   HOUR) 


70 


o 

Type  4 

-a 

r\ 

/ 

r 

7 

■^  ^_ 

^ 

Types  4-b  Q  4-c 


20 


30  40  50  60 

WIND    SPEED   (MILES   PER  HOUR) 


,    5) 


70 


4;6 

/ 

/     / 

^4-c 

j       \ 

\ 

) 

\ 
1 
1 
\ 
\ 
\ 

\ 

1 
/ 
/ 
/ 
I 
S 

K 

\ 

10  20  30  40 

WIND    SPEED    (MILES  PER  HOUR) 


50 


Figure  3. — The  two  upper  curves  in  this  figure  represent  types  that  are  considered  to 
be  trouble  makers.  The  two  lower  graphs  illustrate  types  that  are  more  common  and 
can  be  considered  safe  in  flat  country.  Wind  speeds  are  for  different  heights  above 
the  pilot  balloon  station. 
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may  reflect  the  combined  effect  of  existing  temperature  gradient  and  previous 
temperature  gradient.  Influence  of  the  latter  may  extend  back  for  a  day  or 
more. 

The  direction  profiles  were  omitted  in  figures  2  and  3  ^u't  were  in- 
cluded in  the  detailed  figures  k   through  12.  The  direction  profile  is  an 
important  part  of  the  complete  wind  profile.  With  each  of  the  following  type 
descriptions  is  given  some  description  of  the  corresponding  fire  behavior 
characteristics  which  we  believe  may  occur  with  a  given  profile  type.  The 
fire  behavior  statements  may  have  to  be  revised  as  we  get  further  along  in 
case-history  studies,  but  undoubtedly  their  main  shortcoming  now  is  incom- 
pleteness. 

In  types  1-a  through  3-c  the  wind  speed  at  the  jet  point  is  l8  miles 
per  hour  or  more.  If  the  wind  speed  at  the  jet  point  is  15  miles  per  hour 
or  less,  none  of  the  types  may  be  especially  dangerous  in  flat  country.   In 
rolling  or  mountainous  country,  however,  a  fire  might  run  upslope. 

Type  1-a 

Type  1-a  is  probably  one  of  the  most  dangerous  types  that  can  exist 
from  the  standpoint  of  personnel  safety  and  erratic  and  unpredictable  fire 
behavior.  Fortunately,  it  is  one  of  the  types  least  likely  to  occur.   It 
will  be  noticed  that  the  jet  point  is  missing  in  both  type  1-a  and  type  l-h, 
unless  it  can  be  considered  to  be  at  the  ground  level.  Actually,  both  types 
probably  have  a  jet  point  but  it  may  be  too  low  to  show  up  on  the  pilot 
balloon  record.  For  this  reason  it  will  be  assumed  that  the  jet  point  exists 
and  is  within  100  feet  or  so  of  the  ground.  There  is  also  considerable  vari- 
ation in  the  surface  winds  when  the  atmosphere  is  turbulent,  so  soundings 
made  a  short  time  apart  or  in  slightly  different  locations  might  show  some 
variation  in  the  lower  part  of  the  profile. 

When  a  type  1-a  wind  speed  profile  exists,  the  worst  in  fire  behavior 
can  be  expected  if  fuels  are  dry  and  plentiful.  Large  whirlwinds  (possibly 
up  to  500  feet  or  more  in  diameter)  may  form  in  the  head  of  the  fire  and 
even  travel  out  ahead  of  the  fire  into  fresh  fuel,  burning  blackened  strips 
as  they  go.  There  may  also  be  long  distance  spotting  (600  feet  or  more). 
A  towering  convection  column  is  almost  certain  to  form  as  the  fire  becomes 
larger.   This  can  happen  in  a  matter  of  minutes  if  the  fire  burns  into  heavy 
fuel.  Although  erratic  and  unpredictable  in  flat  country,  fires  should  move 
in  the  general  direction  of  the  wind.  This  will  not  always  be  true  where 
topographic  features  can  alter  the  wind  speed  and  direction  pattern  and  thus 
affect  the  direction  of  spread. 

In  late  afternoon  and  early  evening  the  lower  air  layers  will  become 
stable  and  the  surface  winds  will  drop.  This  process  converts  the  dangerous 
type  1-a  into  the  more  common  type  2-a,   If  the  jet  point  is  within  500  feet 
above  the  fire,  type  2-a  is  nearly  as  dangerous  as  1-a  for  a  large  fire  al- 
ready burning.   It  should  be  impossible  for  type  1-a  to  occur  at  night. 

The  illustrative  curve  for  type  1-a  in  figure  2  is  the  estimated  pro- 
file over  the  Hofmann  Forest  area  at  about  5:30  or  6:00  p.m.  on  April  17,  1950. 
There  were  no  pilot  balloon  stations  nearby,  so  the  profile  was  estimated  from 
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the  4:00  p.m.  and  10:15  p.m.  soundings  at  Raleigh,  North  Carolina,  about 
100  miles  to  the  northwest;  from  the  4:22  p.m.  and  10:00  p.m.  soundings  at 
Hatteras,  North  Carolina,  about  100  miles  to  the  east;  and  from  the  4:00  p.m. 
soundings  at  Charleston,  South  Carolina,  more  than  200  miles  to  the  southeast. 
The  profiles  for  Charleston  for  both  10:00  a.m.  and  4:00  p.m.  (including  di- 
rection profiles)  are  shown  in  figure  4, 

Type  1-b 

This  type  occurs  more  frequently  than  type  1-a.  The  fire  behavior 
characteristics  are  similar  to  type  1-a,  but  should  not  be  so  bad.  When 
the  lower  air  layers  cool  and  stabilize  in  late  afternoon  and  the  surface 
winds  drop,  type  1-b  converts  to  the  "safe"  type  4-a,  For  this  reason  fires 
burning  with  a  type  1-b  wind  speed  profile  usually  do  not  cause  much  trouble 
after  sundown. 

The  curve  illustrating  type  1-b  is  a  composite  of  4:00  p.m.  profiles 
for  March  26  and  April  11,  1950  for  Charleston,  South  Carolina  (see  table  1 
for  fires  which  occurred  on  these  days). 

Type  2-a 

Next  to  type  1-a,  this  may  be  one  of  the  most  dangerous  types  of  wind 
speed  profiles  that  can  occur.  It  may  develop  either  during  the  day  or  night, 
but  is  more  likely  to  come  at  night  or  in  late  afternoon. 

A  wind  speed  profile  might  be  type  2-a  with  respect  to  the  pilot  bal- 
loon station,  yet  for  a  fire  occurring  in  mountainous  or  rolling  country  at 
an  elevation  equal  to  or  possibly  somewhat  above  the  jet  point,  the  profile 
would  be  type  1-a  as  far  as  the  fire  was  concerned.  This  seemed  to  have 
been  the  situation  in  the  Mann  Gulch  fire  and  part  of  the  time  during  the 
McVey  fire. 

The  fire  behavior  characteristics  for  type  2-a  seem  to  be  similar  to 
1-a  except  that  in  flat  country  they  should  not  be  as  extreme  as  for  type 
1-a.  Large  whirlwinds  in  particular  should  be  less  likely  to  occur,  although 
the  probability  of  whirlwinds  in  the  convection  column  aloft  might  be  about 
the  same  for  both  types. 

For  fires  burning  in  flat  country,  the  height  of  the  jet  point  as  well 
as  the  relative  wind  speeds  at  the  jet  point  and  at  the  surface  are  important 
factors  affecting  behavior.  For  light  fuels  there  may  be  little  chance  of  a 
fire  maintaining  a  high  intensity  at  night  if  the  jet  point  is  more  than  600 
feet  above  the  ground.   In  heavy  fuels  this  figure  might  be  around  1200  to 
1500  feet. 

The  type  2-a  profile  is  more  serious  in  rough  or  rolling  country,  where 
a  considerable  part  of  the  forested  terrain  may  have  an  elevation  approximat- 
ing that  of  the  jet  point. 

It  should  be  remembered  that  the  jet  point  usually  moves  upwards  at 
night  as  the  lower  air  layers  cool  and  stabilize.  During  the  early  part  of 
the  night,  therefore,  the  terrain  between  1000  and  25OO  feet  above  the  general 
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land  level  will  be  somewhere  in  the  neighborhood  of  the  jet  point.  In  addi- 
tion the  wind  speed  at  the  jet  point  increases  when  the  cooling  of  the  lower 
air  layers  diminishes  the  frictional  drag  at  the  earth's  surface  and  the 
surface  winds  drop. 

This  is  a  somewhat  different  picture  than  we  have  had  in  the  past  of 
wind  structure  on  nights  when  blowups  may  occur.  We  have  thought  of  the 
strong  steady  winds  as  blowing  on  the  higher  peaks  and  diminishing  down  in 
the  lowlands.  Just  the  reverse  seems  to  be  true.  On  the  worst  nights  the 
higher  mountains  may  have  little  wind,  and  the  highest  winds  will  be  down  in 
the  low  country  or  foothills.  Also,  the  gain  in  wind  speed  at  the  1000  to 
2500  foot  level  seems  to  build  up  from  below,  not  above.  For  example,  the 
Red  Bluff  soundings  in  figure  6  indicate  that  on  the  night  of  the  Rattle- 
snake Fire  the  wind  speed  on  the  higher  peaks  in  the  California  Coast  Range 
was  only  about  7  miles  per  hour  but  was  21  or  22  miles  per  hour  between  2000 
and  2500  feet. 

The  illustrative  curve  for  type  2-a  is  a  composite  of  the  12:4l  a.m. 
July  10,  1953  sounding  for  Red  Bluff,  California,  the  8:00  p.m.  August  5, 
19^9  sounding  at  Great  Falls,  Montana,  and  the  estimated  11:00  p.m.  profile 
over  Rapid  City,  South  Dakota,  on  July  10,  1939  (see  also  figures  5,  6,  and 
10). 

Type  2-b 

This  type  resembles  2-a  except  that  the  wind  speeds  are  higher.  Not 
much  is  known  about  the  fire  behavior  except  that  it  is  undoubtedly  dominated 
by  the  wind.  For  this  reason  it  may  not  be  quite  so  dangerous  to  experienced 
fire  fighters  as  types  1-a  and  2-a,  even  though  the  intensity  may  be  well  up 
in  the  conflagration  range.  However,  fires  burning  in  heavy  dry  fuel  on  a 
type  2-b  day  could  be  very  dangerous  for  towns  and  villages  ahead  of  the  fire. 

It  is  likely  that,  for  a  time  at  least,  the  wind  speed  profiles  for 
some  of  the  historic  fires  may  have  been  of  the  2-b  type. 

The  illustrative  type  2-b  profile  is  a  composite  of  soundings  at  Greens- 
boro, North  Carolina,  for  4:50  p.m.  May  6,  19^1  and  Raleigh,  North  Carolina, 
for  10:15  p.m.  April  17,  195O  (see  table  1  for  fires). 

Types  3~a-  ^Jid.  3-^ 

These  two  types  have  wind  speed  profiles  that  are  very  similar,  but 
the  behavior  of  the  fires  is  quite  different.   The  wind  speed  for  type  3-^ 
is  at  least  28  miles  per  hour  at  the  jet  point  and  for  type  3-a  (not  shown) 
it  is  in  the  I8  to  2i+-mile-per-hour  zone.   Both  types  have  strong  winds  at 
high  levels,  but  for  a  distance  of  at  least  2000  feet  above  the  jet  point  the, 
wind  speed  decreases  with  height  just  as  for  the  previous  types. 

The  Brasstown  fire  on  March  3O;  1953  (profiles  are  shown  in  figure  9) 
indicated  that  if  a  convection  column  becomes  well  established  above  the  jet 
point  in  the  region  where  wind  speed  is  decreasing,  it  can  also  penetrate 
some  distance  up  into  the  strong  winds  at  higher  altitudes.  The  surface  winds 
at  the  time  of  the  Brasstown  fire  were  from  the  southwest  and  very  light  (even 
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lighter  than  indicated  by  the  3:53  P.ni<.  sounding  at  Spartanburg,  South 
Carolina,  about  60  miles  to  the  east).  The  direction  profile  in  figure  9 
shows  that  the  wind  direction  at  the  jet  point  was  also  southwest.  How- 
ever, the  fire  was  spread  by  showers  of  burning  embers  which  came  from 
west -northwest.  The  direction  profile  indicates  that  the  winds  did  not 
veer  to  this  direction  until  an  altitude  of  VOOO  feet  or  more  was  reached, 
which  was  up  in  the  zone  where  the  wind  speed  was  increasing  with  height. 
It  seems  probable,  therefore,  that  burning  embers  were  carried  up  to  at 
least  4000  feet  and  dropped  out  of  the  convection  column  when  its  active 
core  may  have  been  broken  up  by  the  positive  wind  shear  in  the  higher  air 
layers-  This  may  not  be  unreasonable  because  pilots  have  reported  burning 
embers  as  high  as  4000  feet  over  other  fires  such  as  those  in  Tennessee  in 
the  fall  of  1952. 

In  spite  of  the  low  wind  speeds  on  the  ground,  the  Brass town  fire 
traveled  a  distance  of  3  miles  in  I-I/2  hours  and  cut  across  drainages  as 
though  they  did  not  exist.   There  is  some  indirect  evidence  that  there  may 
have  been  intense  whirlwinds  high  up  in  the  convection  column  over  this 
fire.  So  far  as  the  writer  knows,  whirlwinds  of  this  type  have  never  been 
seen  over  a  forest  fire.  However,  they  have  been  seen  and  photographed 
over  an  oil  fire  by  Hissong  (5.)  and  over  a  volcano  by  Dietz  (4). 

The  Wood  River  Valley  fire  of  May  2,  1951,  in  Rhode  Island,  burned 
when  the  wind  speed  profile  was  of  type  3-b,  Some  of  the  behavior  charac- 
teristics of  this  unusual  fire  are  as  yet  so  little  understood  that  they 
will  not  be  discussed  in  detail  at  this  time.  There  appeared  to  be  dis- 
tillation effects  and  oxygen  deficiencies  such  as  those  that  have  been  re- 
ported from  time  to  time  on  the  fires  in  the  eucalyptus  forests  of  Australia. 
Fire  would  suddenly  appear  over  a  considerable  area  in  advance  of  the  main 
fire  with  no  apparent  direct  cohnection. 

The  nearness  of  the  jet  point  to  the  earth's  surface  on  the  afternoon 
of  May  2,  I951  (fig.  8),  the  high  wind  speed  at  the  jet  point,  and  the  de- 
crease in  wind  speed  for  SOOO'  feet  above  the  Jet  point,  may  have  contributed 
to  the  unusual  behavior  of  this  fire,  as  well  as  the  strong  updrafts  and 
downdrafts  near  the  head  of  the  fire.  Like  the  Brasstown  fire,  the  Wood 
River  Valley  fire  put  up  a  large  convection  column  that  probably  went  above 
the  height  of  the  unstable  layer,  which  was  about  9OOO  feet  deep  over  New 
England  on  the  afternoon  of  May  2, 

Kie  illustrative  type  3-b  curve  is  a  composite  of  the  4:00  p.m.  May  2, 
1951  sounding  for  Hartford,  Connecticut^  and  the  3:55  p.m.  October  28,  1952 
sounding  for  Spartanburg,  South  Carolina. 

Type  3-c 

The  illustrative  curve  in  figure  3  Is  a  composite  of  the  10:35  p.m. 
October  23,  19^7  pilot  balloon  sounding  for  Boston,  Massachusetts,  and  the 
4:02  p.m.  July  31,  1953  sounding  for  Portland,  Maine.  Portland  would  have 
been  a  more  suitable  station  for  October  23,  194?,  "but  this  was  the  day  of 
the  major  blowup  of  the  Maine  fires.  The  smoke  at  Portland  was  apparently 
so  thick  that  the  balloon  was  not  visible  above  1000  feet.  Type  3-c  re- 
sembles 3-a  and  3-b  except  thkt  wind  speed  at  the  Jet  point  is  extremely 
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high.  However,  it  drops  off  very  rapidly  above  the  jet  point  for  several 
thousand  feet.  In  the  case  of  the  October  23,  19^7  soundings  at  Boston 
(fig.  7),  the  wind  in  the  upper  levels  was  very  high  also,  but  this  was 
not  so  marked  in  the  July  31,  1953  sounding  at  Portland,  the  day  of  the 
fast -spreading  Sanford  fire  in  southwestern  Maine, 

The  role  of  the  convection  column  for  fires  burning  in  such  extreme 
wind  conditions  is  not  known.   It  is  difficult  to  see  how  a  fire  could 
build  an  active  convection  column  when  a  wind  speed  profile  of  type  3-c 
exists.  Also,  it  would  appear  that  with  such  a  profile  a  convection  column 
would  not  be  necessary  for  an  intense,  rapid-spreading  fire.  However,  the 
long  distance  spotting  that  occurs  on  some  of  these  fires  indicates  that 
strong  convection  does  exist.   It  may  be  that  convection  colimns  do  form 
for  short  intervals  before  being  destroyed.  The  rapid  decrease  in  wind 
speed  above  the  jet  point  should  increase  the  tendency  for  them  to  form. 

Type  k-a. 

This  type  is  probably  the  most  common  of  all,  although  the  wind 
speeds  are  usually  considerably  less  than  shown  in  the  illustrative  curve. 
This  curve  is  the  i<-:00  p.m.  March  27,  1950  pilot  balloon  sounding  at  Charles- 
ton, South  Carolina.  For  some  parts  of  the  East  and  South  this  was  a  very 
bad  fire  day,  and  the  profiles  in  other  locations  may  have  been  considerably 
different  from  that  at  Charleston.  In  this  area  the  fires  on  that  day  were 
intense  and  fast-spreading,  but  they  could  not  be  considered  dangerous  to 
experienced  crews,  nor  were  there  any  erratic  and  unusual  aspects  to  their 
behavior.  Perhaps  this  was  due  to  a  lack  of  convection  columns  of  any  con- 
sequence forming  over  the  March  27  fires  (at  least  in  the  Charleston  area). 
The  rapid  increase  of  wind  speed  with  height  should  keep  active  columns  from 
forming. 

Unless  future  fires  indicate  otherwise,  it  can  be  assumed  that,  com- 
pared to  the  previous  types,  type  k-a.   is  relatively  "safe"  even  for  high 
wind  speeds  and  rapidly  spreading  fires.  If  the  jet  points  in  type  2-a  or 
type  2-b  rise  during  the  night  to  a  height  of  2000  or  3000  feet,  then  for 
flat  country  these  types  have  in  effect  become  type  h~&» 

Types  4-b  and  k-c 

The  curve  for  type  k-h   is  the  10:09  a.m.  July  3,  1952  pilot  balloon 
sounding  for  Raleigh,  North  Carolina,  and  for  type  ^-c  it  is  the  10:05  a.m. 
July  2,  1952  sounding  for  Raleigh.  Type  4-b  resembles  type  1-a  in  that  the 
general  wind  speed  decreases  with  height.  Type  4-c  resembles  type  2-a.  Both 
of  these  types  are  probably  "safe"  as  long  as  the  wind  speed  at  the  jet  point 
remains  below  Ik   or  I5  miles  per  hour.  However,  there  is  an  important  excep- 
tion.  This  is  the  case  of  a  fire  burning  up  a  slope  in  which  the  upslope 
direction  is  roughly  the  same  as  that  in  which  the  general  wind  is  blowing. 
It  should  be  remembered  that  the  presence  of  the  slope,  especially  if  it  is 
fairly  steep,  is  equivalent  to  adding  several  miles  per  hour  of  wind  in  the 
lower  air  layers.  This  means  that  the  presence  of  the  slope  may  temporarily 
convert  type  k-h   or  k-c   into  the  dangerous  type  1-a  (see  the  broken  line  added 
to  ii-c).  This  is  why  a  fire  can  rage  upslope,  build  a  tremendous  convection 
column  in  so  doing,  and  then  quickly  die  down  (unless  it  spots  over  to  the 
bottom  of  the  next  slope). 
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Type  ^-b  or  k-c   can  also  develop  into  type  1-a  through  an  increase  in 
wind  speed  in  the  lower  atmosphere  during  the  afternoon  (see  the  April  17, 
1950  profiles  for  Charleston,  South  Carolina,  in  figure  h) ,     However,  a  more 
likely  possibility  is  the  conversion  of  types  k-b   and  k-c   to  type  2-a  in  late 
afternoon  or  early  part  of  the  night,  when  the  lower  air  becomes  stable  and 
the  surface  winds  drop.  Stabilizing  of  the  lower  air  layers  diminishes  frlc- 
tional  drag  on  the  earth's  surface  and  results  in  an  Increase  in  wind  speed 
at  a  height  of  1000  to  25OO  feet  above  the  general  land  level.  The  wind 
speed  could  easily  be  brought  up  into  the  critical  zone.  For  this  reason 
type  2-a  is  more  likely  to  occur  at  night  than  in  the  daytime. 

Topography  and  its  Place  in  Wind  Profile  Classification 

Early  in  this  work,  topography  appeared  likely  to  become  one  of  the 
most  complex  factors  in  extreme  fire  behavior.  However,  this  did  not  prove 
to  be  the  case  as  far  as  basic  principles  are  concerned,  although  the  effects 
of  topography  in  any  specific  situation  may  be  very  complex.  Topography 
exerts  its  main  effects  in  two  ways.  The  first  of  these  is  the  effect  on  the 
wind  speed  profile  described  in  one  of  the  preceding  paragraphs  and  illus- 
trated in  figure  3  in  the  type  k-c   curve. 

The  second  main  effect  of  topography  is  that  it  permits  a  fire  to  oc- 
cur in,  or  burn  into,  zones  which  may  be  at  elevations  corresponding  to  quite 
different  parts  of  the  wind  speed  and  wind  direction  profiles.  This  point  is 
illustrated  fairly  well  in  the  discussion  of  the  McVey  fire  in  the  appendix. 

CASE-HISTORY  FIRES 

For  convenience,  the  case-history  fires  in  this  study  have  been  sum- 
marized briefly  in  table  1.  These  fires  have  a  large  range  in  size  as  well 
as  In  behavior  characteristics.  The  final  size  is  given  for  the  majority  of 
the  fires,  but  for  the  purpose  of  this  study  final  size  was  of  much  less  im- 
portance than  certain  kinds  of  information  such  as  the  time  (or  times)  when 
a  fire  made  its  main  run  (or  runs)  or  showed  other  specific  characteristics 
of  extreme  behavior. 

On  five  of  the  fires  there  was  loss  of  life.  There  were  narrow  es- 
capes on  others.  Probably  all  the  fires  could  be  considered  potentially 
dangerous  to  suppression  personnel.  A  brief  statement  is  given  on  some 
behavior  highlights  for  each  fire,  but  no  attempt  is  made  here  to  present 
any  detailed  behavior  account  of  any  particular  fire. 

Not  given  in  table  1  is  the  location  and  distance  of  any  individual 
fire  with  respect  to  the  nearest  pilot  balloon  station,  or  stations.  How- 
ever, for  the  majority  of  the  fires  there  was  a  station  within  50  or  60 
miles;  for  a  few  there  was  a  station  as  close  as  30  miles. 
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THE  RECOGNITION  AND  POSSIBLE  PREDICTION  OF  ATO40SPHERIC 
CONDITIONS  WHICH  MAY  CAUSE  EXTREME  FIRE  BEHAVIOR 

If  it  is  eventually  used  more  widely  by  fire  suppression  organizations 
or  fire  weather  forecasters,  the  pilot  balloon  may  become  an  effective  safety 
device.  The  use  of  pilot  balloons  on  actual  fires  has  been  tried  in  the  past 
and  would  not  be  a  new  technique.  The  only  new  feature  would  be  the  handling 
of  the  resulting  data  and  the  use  to  which  it  is  put.  Of  paramount  import- 
ance is  recognizing  when  a  dangerous  wind  profile  exists,  and  next  in  import- 
ance is  knowing  when  an  area  becomes  safe.  Usually  the  dangerous  conditions 
do  not  last  long.  For  example,  the  areas  where  both  the  Mann  Gulch  and  Rat- 
tlesnake fires  occurred  appear  to  have  become  safe  within  a  few  hours  after 
the  blowups. 

The  pilot  balloon  is  one  of  the  simplest  devices  for  getting  informa- 
tion from  the  upper  atmosphere.  With  some  study  of  both  pilot  balloon  and 
radiosonde  temperature  soundings  for  a  given  area,  it  is  often  possible  to 
estimate  the  depth  of  the  unstable  air  layer  with  considerable  accuracy  from 
the  pilot  balloon  sounding  alone.   It  is  sometimes  possible  to  estimate  from 
a  10:00  p.m.  sounding  what  the  depth  of  the  unstable  layer  has  been  during 
the  previous  afternoon.  The  pilot  balloon  does,  however,  have  certain 
sources  of  error  (probably  small)  and  limitations  when  soundings  are  made  in 
a  turbulent  atmosphere  with  strong  updrafts  and  downdrafts.  The  magnitude 
of  these  erros  should  be  checked  before  the  pilot  balloon  is  given  any  large- 
scale  trial  in  fire  control  work.  The  Weather  Bureau  may  already  have  some 
of  this  information.  Also,  the  possibility  should  be  considered  of  making 
greater  use  of  soundings  now  taken  regularly  at  official  stations. 

The  prediction  of  jet  currents  and  their  growth  and  decline  is  a  pro- 
blem in  basic  meteorology,  a  detailed  discussion  of  which  is  beyond  the  scope 
of  this  paper.  When  meteorologists  understand  how  the  jet  stream  gets  its 
energy,  the  explanation  of  the  energy  of  the  jet  currents  will  probably  fol- 
low soon.  That  a  considerable  part  of  the  energy  of  the  jet  currents  comes 
from  an  unstable  atmosphere  is  probably  a  safe  assumption.   If  so,  it  is 
likely  that  stability  and  turbulence  conditions  are  important  not  only  on 
the  day  when  extreme  fire  behavior  occurs  but  also  for  a  day  or  two  before. 
In  other  words,  turbulence  could  have  a  delayed  action  in  its  indirect  effects, 
which  could  contribute  to  the  strength  of  the  jet  currents  at  a  later  time.   If 
so,  another  element  for  predictions  12  to  l8  hours  or  more  in  advance  would  be- 
come available.  However  possibilities  for  a  12-hour  prediction  of  a  jet  cur- 
rent condition  should  be  regarded  as  still  unknown. 

The  prospects  for  a  short  range  prediction  are  easier  to  comprehend. 
The  curves  in  figure  k   for  Charleston,  South  Carolina,  as  well  as  those  for 
Raleigh  and  Hatteras  (not  shown),  indicate  a  progressive  growth  and  change  in 
the  wind  profile  for  a  number  of  hours  on  April  17,  1950.  The  curves  in 
figure  6  show  that  a  similar  situation  existed  over  Red  Bluff,  California,  on 
July  9f   1953.  The  jet  current  over  the  Red  Bluff  area  seemed  to  build  up  for 
at  least  8  hours  before  the  blowup.  Pilot  balloons  sent  up  at  2  or  3-hour 
intervals  would  give  an  even  better  picture  of  the  profile  and  its  rate  of 
change.  The  prospect  of  an  accurate  3  to  i4--hour  prediction  of  wind  speed 
profile  and  direction  profile  seems  good. 
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Even  without  the  use  of  Instruments,  there  are  signs  that  give  warn- 
ing of  unusual  burning  conditions.  A  number  of  indicative  conditions,  in- 
cluding some  suggested  by  Crosby  (_3),  are  given  in  the  following  list: 

(1)  A  high  burning  index  and  a  high  buildup  index.  On  most  of  the 
severe  fires  studied  thus  far,  both  the  buildup  index  and  burn- 
ing index  have  been  5O  or  above  on  the  8-0  or  8-W  meters  now  used 
in  the  eastern  states.  Even  on  the  Brasstown  fire,  which  came 
only  a  week  after  heavy  rains,  there  had  been  considerable  dry- 
ing. The  soil  and  lower  fuels  were  moist  but  the  upper  fuels 
were  dry.   The  humidity  was  very  low  on  the  day  of  the  fire, 
which  meant  that  a  relatively  large  number  of  embers  from  spot- 
ting would  catch  in  the  dry  top  fuel  layer. 

(2)  Gusty  and  variable  winds  from  south  to  southwest  with  an  air- 
port speed  of  I5  to  20  miles  per  hour.  An  airport  wind  speed 
will  be  defined  as  the  wind  speed  between  30  and  60  feet  above 
a  wide  expanse  of  open,  clear  ground  such  as  exists  at  the  or- 
dinary airport.   Temperatures  may  be  somewhat  above  normal  with 
a  rather  large  rise  early  in  the  day,  and  relative  humidity  is 
usually  low.  Day  may  be  bright  and  sunny  but  with  a  thin  over- 
cast, 

(3)  Conditions  similar  to  (2)  but  wind  with  an  airport  speed  of  25 
miles  per  hour  or  more.  Fire  may  be  intense  and  fast  spreading 
but  less  erratic  than  at  lower  wind  speeds. 

(k)      If  a  towerman  or  plane  observer  viewing  a  fire  from  a  distance 
and  at  right  angles  to  the  wind  reports  that  the  smoke  column 
tends  to  curve  upward  and  become  nearly  vertical  in  its  upper 
parts,  the  wind  speed  is  imdoubtedly  decreasing  with  height. 
Such  a  fire  could  become  dangerous  if  it  burns  into  heavy  fuel. 
If  smoke  column  has  started  to  "boil"  or  mushroom  up,  trouble 
has  probably  already  happened  on  this  particular  fire,  although 
its  behavior  is  less  serious  if  the  towering  smoke  column  is 
caused  by  a  run  upslope. 

(5)  Probably  a  fire  should  be  regarded  as  likely  to  develop  extreme 
behavior  if  it  spots  more  than  6OO  feet  ahead  of  the  main  fire. 
Long  distance  spotting  means  that  there  are  updrafts  or  whirl- 
winds strong  enough  to  carry  high  in  the  air  embers  large  enough 
to  burn  for  nearly  a  minute  before  dropping  to  the  groiond. 

(6)  Several  spot  fires  that  seem  to  lie  along  either  the  same  straight 
line  or  curve  may  be  a  bad  sign,  especially  if  they  start  at  about 
the  same  time.   This  pattern  may  indicate  whirlwinds  in  the  con- 
vection aloft  that  are  dropping  firebrands. 

(7)  The  passage  of  cold  front  with  northwest  winds  may  cause  trouble 
when  it  is  not  accompanied  by  rain.  The  cold  front  fires  differ 
considerably  from  the  warm  weather  type  in  that  they  may  burn 
when  the  temperature  is  low  and  falling.  The  worst  fires  of  the 
fall  of  1952  in  the  eastern  and  southeastern  states,  as  well  as 
the  blowup  on  the  Maine  fires  on  October  23,  19^7,  are  examples 
of  this  type.  Probably  the  Cloquet  fire  in  Minnesota  in  I918  was 
a  cold-front  fire.   They  are  often  accompanied  by  high  winds  and 
a  pronounced  jet  current.  They  occur  most  frequently  in  the  fall 
and  spring, 

-  21  - 


(8)  Just  before  the  arrival  of  a  cold  front,  fires  may  sometimes 
develop  turbulent  behavior  while  the  wind  is  shifting  from 
the  southwest  to  northwest.  Spotting,  whirlwinds,  and  up- 
drafts  may  come  during  this  period,  which  should  not  last 
long. 

(9)  Dust  devils  or  dust  whirls  over  plowed  fields  are  indica- 
tors of  troublesome  burning  conditions  and  difficult  fire 
fighting.  However,  they  are  in  themselves  indicative  of 
the  direct  effects  of  turbulence  and  do  not  necessarily  mean 
that  blowup  conditions  exist.  Possibly  a  better  indication 
of  blowup  conditions  might  be  dust  whirls  on  several  conse- 
cutive days  accompanied  by  the  conditions  listed  in  (2). 

(10)  If  lookouts  or  towermen  on  the  higher  peaks  from  4000  to 
5000  feet  above  the  general  land  level  report  lower  wind 
speeds  than  exist  at  low  elevation,  and  if  anemometers  at 
airport  exposures  are  showing  wind  speed  of  from  I5  to  20 
miles  per  hour,  then  an  unfavorable  wind  speed  profile  may 
exist.  However,  this  method  of  estimating  the  profile  is 
not  a  good  substitute  for  a  pilot  balloon  sounding, 

(11)  When  the  flying  is  bumpy  and  if  it  becomes  bumpy  earlier 
than  usual  In  the  morning,  most  of  the  direct  effects  of 
turbulence  on  fire  behavior  will  be  present  during  the  after- 
noon. This  condition  may  be  more  significant  for  extreme  fire 
behavior  if  flying  has  been  rough  for  several  days  in  a  row 
and  if  it  is  accompanied  by  the  conditions  listed  imder  (2), 

(12)  If  it  is  known  that  an  unfavorable  wind  speed  profile  exists 
and  if,  in  addition,  both  burning  index  and  buildup  index 
are  high,  then  the  only  effective  period  for  controlling  a 
fire  is  when  it  is  small.  The  probability  of  the  fire  es- 
tablishing a  "chimney"  and  blowing  up  increases  rapidly  with 
increasing  size.  For  fuels  of  k   to  12  tons  per  acre,  this 
critical  size  may  be  from  kO   to  60  acres.   In  heavy  fuels 
the  size  would  be  smaller.  The  critical  area  should  be  lar- 
ger for  a  slow-spreading  than  for  a  fast -spreading  fire,  be- 
cause it  is  rate  of  energy  output  rather  than  actual  size 
that  determines  the  probability  of  blowup, 

CONCLUSION 

In  the  study  of  the  behavior  of  unusual  fires  which  occur  infrequently, 
research  must  depend  to  a  considerable  extent  on  the  observations  of  the  field 
men  who  worked  on  such  fires.   Up  to  this  time,  most  accounts  of  large  fires 
concern  more  the  methods  of  attack  and  details  of  suppression  than  they  do 
fire  behavior  description.  Many  observations  that  might  appear  trivial  to  the 
casual  observer  are  highly  significant  to  the  researcher.  Examples  of  valu- 
able items  that  should  be  watched  for  and  included  in  future  descriptions  are 
the  maximum  distance  of  spotting,  pattern  of  spotting,  estimated  height  of 
flame  and  size  of  whirlwinds,  height  and  shape  of  convection  column,  rate  of 
spread  during  runs,  ajid  brief  comments  on  fuel  and  stand  type.  Of  special 
value  are  the  observations  of  pilots,  such  as  appearance  of  fire  from  air, 
presence  of  whirlwinds  in  the  fire,  shape  and  size  of  convection  column  (or 
columns),  and  the  bumpiness  of  flying. 
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Concepts  of  what  may  cause  extreme  fire  behavior  are  becoming  suffi- 
ciently developed  and  specific  to  be  tested  experimentally.  For  example, 
the  higher  ground  in  hilly  or  rolling  country  should  be  well  suited  for 
large-scale  experimental  burns  whenever  a  type  2-a  wind  speed  profile  deve- 
lops after  sundown.  This  type  of  profile  seems  to  happen  often  enough  to 
make  actual  test  burns  feasible. 

How  far  fire  research  has  come  in  the  solution  of  the  problem  of  the 
blowup  fire  should  become  fairly  clear  in  the  next  2  years.  Several  re- 
search teams  are  now  working  on  the  problem.  Some  of  the  results  of  the 
work  of  the  group  in  the  West  were  presented  in  the  Chief's  memorandum  of 
November  12,  1953  (these  were  excerpts  from  a  paper  given  at  the  Society  of 
American  Foresters'  meeting  in  Denver  in  September  1953  t)y  R.  K,  Arnold  and 
C,  C.  Buck),  The  Scientific  Services  Division  of  the  Weather  Bureau  is  also 
working  on  the  problem. 

Even  before  the  final  answers  are  foimd,  the  collective  effort  of 
groups  now  studying  extreme  fire  behavior  should  make  increasingly  effective 
guidelines  available  to  the  firefighter. 
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Figure  k. 
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— Wind  speed  profiles  are  shown  for  10:00  a.m.  (curve  A)  and  U:00 
on  April  17,  1950  at  Charleston,  S.  C.  The  corresponding  direct 
on  the  right  (10:00  a.m.  curve  A  and  i4-:00  p.m.  curve  b).  Height 
of  feet  above  sea  level  rather  than  above  the  station  level  (in 

nearly  the  same). 
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Figure  5.— Wind  speed  profiles  for  2:07  p.m.  and  8:00  p.m.  on  August  5,  1914-9  for  Great 
Falls,  Montana,  are  shown  on  the  left  by  curves  A  and  B  respectively.  The  correspond- 
ing wind  direction  profiles  are  shown  in  the  same  manner  on  the  right.  The  estimated 
elevation  of  the  Mann  Gulch  fire  is  indicated  by  the  broken  horizontal  lines. 
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Figure  6. — Wind  speed  profiles  for  12:U5  p.m.  and  6:55  p.m.  on  July  9  and  12:Ul  a.m. 
on  July  10,  1953  for  Red  Bluff,  California,  are  shown  by  the  curves  A,  B,  and  C  on 
the  left.  The  wind  direction  profiles  are  designated  in  the  same  manner  on  the  right. 
The  approximate  elevation  of  the  Rattlesnake  fire  is  indicated  by  horizontal  broken 
lines. 
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Figure  7. --Wind  speed  profiles  for  4:05  p.m.  and  10:35  p.m.  on  Oct.  23,  19^7  for  Boston, 
Mass.,  are  indicated  by  curves  A  and  B  on  the  left.  The  corresponding  wind  direction 
profiles  are  shown  in  the  same  way  on  the  right.  The  approximate  estimated  elevation  of 
the  fires  in  southwestern  Maine  is  shown  by  horizontal  broken  lines. 
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Figure  8.— Wind  speed  profiles  for  10:15  a.m.  and  \:0Q   p.m.  on  May  2,  1951  for  Hartford, 
Conn.,  are  shown  by  curves  A  and  B  on  the  left.  The  corresponding  wind  direction  pro- 
files are  indicated  in  the  same  manner  on  the  right.  The  estimated  elevation  of  the 
Wood  River  Valley  fire  in  Rhode  Island  is  shown  by  horizontal  broken  lines. 
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Figure  9. --Curves  A  and  B  on  the  left  are  the  wind  speed  profiles  at  Spartanburg, 
S.  C,  at  10:00  a.m.  and  3:53  p.m.  on  March  30,  I953.  Curves  A  and  B  on  the  right 
are  the  corresponding  wind  direction  profiles.  The  horizontal  broken  lines  indicate 
the  elevation  of  the  Brasstown  fire. 
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Figure  10. — Curves  A  and  B  on  the  left  are  the  wind  speed  profiles  at  Rapid  City,  S.  D., 
at  7:00  p.m.  and  1:00  a.m.  respectively  on  July  10  and  11,  1939.  Curve  C  is  an  esti- 
mated intermediate  curve  for  11:00  p.m.  July  10.  The  corresponding  wind  direction 
curves  are  on  the  right.  The  estimated,  elevation  of  the  blowup  on  the  McVey  fire  at 
11:00  p.m.  July  10  is  indicated  by  the  horizontal  broken  lines. 
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Figure  11. --Curves  A,  B,  and  C  on  the  left  represent  the  wind  speed  profiles  at  4:00 
a.m.,  7:12  a.m.,  and  10:00  a.m.  at  Rapid  City,  S.  D.,  on  July  11,  1939.  Curve  B  is  a 
pilot  balloon  sounding.  Curves  A  and  C  are  estimated  intermediate  profiles.  Curves 
A,  B,  and  C  on  the  right  are  the  corresponding  wind  direction  profiles. 
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Figure  12. — Curves  A,  B,  and  C  on  the  left  represent  the  wind  speed  profiles  at  1:00 
p.m.,  ii:00  p.m.,  and  7:00  p.m.  at  Rapid  City,  S.  D.,  on  July  11,  1939.   Curves  A  and 
C  are  actual  pilot  balloon  soundings  and  B  is  an  estimated  intermediate  curve.  Curves 
A,  B,  and  C  on  the  right  are  the  corresponding  direction  profiles. 

APPENDIX 
Wind  Speed  Profiles  during  the  McVey  fire 

There  are  several  small  areas  in  the  United  States  which,  because  of 
their  number  of  fires,  fuel  and  stand  types,  topographic  features,  or  close 
proximity  to  stations  where  upper  air  data  are  taken,  are  especially  well 
suited  for  the  study  of  extreme  fire  behavior.   One  of  these  appears  to  be 
the  Black  Hills  of  South  Dakota,  at  least  from  the  standpoint  of  the  last 
two  requirements.  This  comparatively  isolated  group  of  mountains  probably 
does  not  greatly  affect  the  lines  of  flow  in  the  upper  air  when  wind  moves 
over  the  region.   Jet  points  probably  keep  a  fairly  constant  level  over  the 
whole  area.   This  may  not  always  be  true  in  the  vicinity  of  more  extensive 
mountain  ranges,  where  general  land  level  can  change  rather  abruptly. 

A  very  good  account  of  the  McVey  Fire  in  the  Black  Hills  National 
Forest  in  1939  was  written  up  by  A.  A.  Brown  (l).   Although  not  written 
from  a  fire  behavior  standpoint,  his  account  does  give  some  fire  behavior 
description.   Thus  it  seems  worth  while  to  present  the  Rapid  City  wind  speed 
and  direction  profiles  for  a  2i4--hour  period  during  the  McVey  fire.   These  are 
shown  in  figures  10,  11,  and  12.   Actual  pilot  balloon  soundings  are  given 
every  6  hours  and  are  supplemented  by  estimated  Intermediate  profiles. 

The  first  indication  of  possible  trouble  in  the  Black  Hills  area  showed 
up  on  the  Rapid  City  1:00  p.m.  sounding  on  July  10.   There  was  a  thin  type  2-a 
jet  current  (not  shown)  over  the  area  with  the  jet  point  at  UOGO  feet.  The 
wind  speed  of  l8  miles  per  hour  at  the  jet  point  dropped  off  so  rapidly  that 
it  was  only  9  miles  per  hour  at  5000  feet.  For  this  reason  the  most  trouble- 
some zone  during  early  afternoon  would  have  been  a  rather  narrow  strip  between 
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about  3800  and  U3OO  feet.  Most  of  the  direct  effects  of  turbulence  should 
have  been  present  on  this  afternoon  and  the  fire  should  have  been  difficult 
to  fight.  However,  the  jet  current  was  hardly  deep  enough  Or  strong  enough 
to  cause  extreme  fire  behavior.  There  was  nothing  in  the  account  to  indi- 
cate unusual  fire  behavior  during  the  afternoon  or  early  evening  of  the  10th. 
By  7:00  p.m.  the  type  2-a  jet  current  (curve  A,  fig.  lO)  was  much  deeper,  and 
the  velocity  at  the  jet  point  had  increased  (this  increase  probably  came  in 
late  afternoon).  Elevations  were  not  given  in  Brown's  report,  but  the  jet 
current  at  7:00  p.m.  should  have  caused  considerable  trouble  in  the  neighbor- 
hood of  4500  feet,  the  height  of  the  jet  point.  However,  this  did  not  occur, 
so  it  may  be  that  the  uncontrolled  part  of  the  fire  was  considerably  higher 
than  this.   The  jet  point  moved  up  rather  rapidly  on  the  night  of  July  10-11. 
At  1:00  a.m.  July  11,  it  had  moved  up  to  6OOO  feet  and  become  somewhat  strong- 
er than  at  7^00  p.m.  (curve  B,  fig.  lO).  Curve  C  is  the  estimated  profile  at 
11:00  p.m.,  the  time  which  Brown  gives  for  the  first  blowup.  The  estimated 
profile  over  Rapid  City  shows  the  jet  point  now  at  an  elevation  of  5500  feet. 
In  figure  1  this  was  assumed  to  be  the  elevation  of  the  blowup,  but  it  could 
have  been  several  hundred  feet  above  or  below  this  point.  Some  time  between 
1:00  a.m.  and  7:12  a.m.  July  11,  the  jet  point  moved  above  the  highest  peaks 
in  the  Black  Hills.  During  this  time  the  surface  winds  at  elevations  from 
5000  to  6500  feet  were  decreasing,  but  what  is  more  important,  they  were  in- 
creasing with  height.   It  is  significant  that  Brown  speaks  of  a  lull  in  fire 
behavior  between  2:00  a.m.  and  7^00  a.m. 

By  7:12  a.m.  of  the  morning  of  July  11  the  original  jet  current  was 
still  higher,  with  the  jet  point  now  at  8OOO  feet  above  sea  level.  However, 
a  new  strong  jet  current  had  formed  near  the  surface  with  its  jet  point  at 
4000  feet.  By  1:00  p.m.  the  jet  point  had  moved  up  to  about  52OO  feet  and 
was  much  weaker.  There  might  have  been  a  decrease  in  the  intensity  of  the 
fire  near  midday,  but  this  is  not  mentioned  in  the  account. 

Since  Brown's  paper  gives  just  the  fire  behavior  highlights,  we  can 
only  speculate  on  some  of  the  details.  There  were  probably  both  whirlwinds 
and  long-distance  spotting  on  the  night  of  July  10  and  during  the  day  of 
July  11.  Some  time  during  the  afternoon  of  July  11  conditions  became  con- 
siderably worse  when  the  wind  speed  increased  at  all  elevations.  The  jet 
point  started  to  drop,  and  by  7^00  p.m.  it  was  at  an  elevation  of  about  i|-300 
feet.  The  worst  burning  conditions  were  now  between  ^i-OOO  and  5OOO  feet,  but 
were  bad  all  the  way  up  to  the  highest  part  of  the  Black  Hills.   If  the  un- 
controlled part  of  the  fire  was  burning  at  an  elevation  between  i|-000  and 
5000  feet,  there  should  have  been  considerable  spotting  on  the  left  flank, 
especially  during  the  early  part  of  the  afternoon  run.  During  the  night  the 
wind  died  down  at  all  elevations,  and  the  fire  was  under  control  by  the  morn- 
ing of  the  12th. 

Energy  Conversion,  Convection  Column  Structure,  and  Wind  Speed  Profile 

It  can  be  shown  from  a  thermodynamic  analysis  that  almost  all  the 
energy  of  a  large  fire  comes  from  burning  fuel;  only  a  negligible  part  can 
come  from  an  unstable  atmosphere.  It  can  be  shown,  too,  that  a  part  of  the 
energy  is  converted  into  the  kinetic  energy  of  motion  as  the  hot  gases  ex- 
pand and  cool  in  traveling  upward.  In  this  respect  a  large  fire  is  analogous 
to  a  heat  engine.  An  essential  part  of  this  fire  heat  engine  is  the  convec- 
tion column  above  the  fire. 
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Figure  I3. — Curve  AB  represents  the  center  of  a  convection  column  for  which  the  wind 
is  decreasing  with  height.  This  curve  was  computed  from  wind-speed  profile  C  in 
figure  1.  The  dotted  curve  represents  convection  column  center  for  a  stationary- 
fire.  Curve  AD  represents  the  center  of  a  convection  column  which  is  increasing 
with  height.  This  curve  was  computed  from  wind-speed  profile  type  4-a  in  figure  3. 


-  30  - 


For  purposes  of  this  study,  a  hypothetical  model  of  a  dynamic  con- 
vection column  was  used.  Its  principal  features  are  assumed  to  be  as 
follows : 


The  convection  column  model  has  a  hot  core  which  extends  well  into 
its  upper  reaches.  The  temperature  of  the  core  decreases  rapidly  upwards. 
Parcels  of  hot  gas  do  not  travel  directly  up  the  core,  but  after  travers- 
ing the  core  for  a  short  distance  they  pass  outward,  downward,  and  into  the 
core  again.  This  process  is  repeated  over  and  over.  The  convection  column 
thus  entrains  and  re-entrains  its  own  gases.  Meanwhile,  they  are  being  di- 
luted continuously  by  mixing  with  the  environmental  air.  The  top  of  the 
convection  column  is  a  rounded  and  fairly  continuous  cap,  which  may  be  com- 
posed in  part  of  condensed  water  vapor. 


This,  type  of  a  convection  column  might  be  called  an  active  convec- 
tion column  in  that  it  should  produce  a  low  pressure  area  over  the  fire. 
To  maintain  its  dynamic  properties,  this  model  convection  column  should 
maintain  a  nearly  vertical  position.  To  do  this  and  at  the  same  time  keep 
moving  over  a  continuing  supply  of  new  fuel,  the  convection  column  requires 
that  wind  speed  decrease  with  height. 

It  is  possible  to  reconstruct  the  general  form  of  a  convection  column 
center  if  the  wind  speed  profile  is  known  and  the  mean  velocity  of  the  updrafts 
at  any  height  is  known.  The  slope  of  a  line  passing  up  through  the  center  of 
the  convection  column  core  is  given  by  the  equation 

d^  „  ^ 
dx   v-w  , 

where  u  is  the  average  updraft  velocity  in  the  convection  column  at  height  y, 
V  .is  the  horizontal  wind  velocity  at  height  y,  and  w  is  the  rate  of  spread  of 
the  fire  along  the  horizontal  distance  x. 

The  illustrative  curve  AB  in  figure  13  was  constructed  from  the  above 
equation  by  using  a  constant  value  of  3000  feet  per  minute  for  u,  15O  feet 
per  minute  for  w  and  by  letting  v  at  different  heights  y  take  on  the  values 
of  curve  C  in  figure  1.  The  dotted  line  represents  the  position  the  center 
of  the  convection  column  would  have  if  the  fire  were  stationary. 

The  illustrative  curve  AD   was  constructed  in  the  same  way  as  curve  AB, 
but  by  letting  v  at  different  heights  y  take  on  the  values  of  curve  type  k-& 
in  figure  3.  The  velocity  u  and  the  rate  of  spread  w  were  the  same  for  curve 
AD  as  for  curve  AB. 

Curve  AD,  therefore,  represents  the  convection  column  center  when  wind 
speed  increases  rather  rapidly  with  height.  This  would  probably  be  an  un- 
stable type,  in  which  case  the  column  could  not  be  considered  active  except 
in  its  lower  part;  the  upper  parts  of  the  column  would  contribute  little  to 
lowering  the  pressure  over  the  fire. 
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Errata 

Page  18^  column  three,  first  sentence,  substitute  10:00  p.m.  for 
11:00  p.m. 

Page  23,  line  12,  substitute  Colorado  Springs  for  Denver. 

Page  30^  fourth  sentence,  should  read:   Curve  AD  represents  the 
center  of  a  convection  column  for  which  the  wind  is  increasing  with  height. 


Addenda  -  July  19^^ 

Since  the  first  printing  of  Station  Paper  No.  35  in  April  195^^  "the 
Southeastern  Station  has  received  a  considerable  number  of  questions  and  help- 
ful suggestions  about  the  problems  discussed  in  the  paper.   These  comments 
have  brought  out  points  which  are  worthwhile  summarizing  to  accompany  this 
second  printing. 

Owing  to  the  interest  in  convection  columns,  a  few  additional  state- 
ments concerning  them  are  in  order.  On  blowup  fires  there  are  two  rather 
distinctive  types  of  convection  columns,  although  there  can  be  some  grada- 
tion between  the  two  types.  Both  are  associated  with  a  jet  current  or  zone 
of  decreasing  winds  for  several  thousand  feet  above  the  fire.   If  the  high- 
level  winds  above  this  zone  are  low,  the  resulting  convection  column  may  be 
described  as  "towering."  On  the  other  hand,  if  the  high-level  winds  are 
strong  and  increasing  in  speed,  the  resulting  convection  colimm  may  be  de- 
scribed as  "fractured."   In  the  East  and  South  the  majority  of  the  severe 
fires  studied  thus  far  appear  to  have  had  convection  columns  of  the  fractured 
type.  Possibly  the  reverse  is  true  in  the  West.   Towering  columns  seem  to 
be  associated  with  wind  speed  profile  types  1-a,  2-a,  and  possibly  2-b, 
each  of  which  has  a  rather  deep  zone  of  decreasing  wind  speed.  Fractured 
columns  could  also  occur  with  these  types  when  the  high-level  winds  increase 
rapidly  with  height.  However,  they  are  more  closely  associated  with  wind 
profile  types  1-b,  3-a,  3-b,  and  3-c,  which  have  shallower  zones  of  decreas- 
ing winds  but  have  stronger  high-level  winds  than  the  preceding  wind  speed 
profile  types.  There  may  be  some  question  as  to  whether  convection  columns 
can  form  in  the  extreme  winds  of  wind  profile  type  3-c,  but  there  is  evidence 
that  they  can. 
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The  towering  type  of  convection  column  Illustrated  on  page  30  curves 
upward  throughout  the  zone  of  decreasing  wind  speed  and  has  a  characteristic 
dome-like  cap  or  "mushroom."  If  water  vapor  starts  to  condense  In  the  upper 
part  of  the  column,  the  resulting  release  of  heat  may  cause  the  cap  to  climb 
rapidly  to  15,000  feet  or  more.  On  the  most  intense  fires,  the  height  of 
this  moisture -laden  cap  may  exceed  25,000  feet,  which  is  comparable  with  the 
heights  of  the  thunderstorm  cumulus  cloud. 

An  example  of  the  fractured  convection  column  is  that  which  formed 
over  the  Brass town  fire  described  on  page  15 .  Like  the  towering  column  it 
also  curves  upward  throughout  the  zone  of  decreasing  wind  speed.  However, 
above  this  zone  the  wind  increases  rapidly  with  height,  which  should  cause 
the  convection  column  to  fracture  and  drop  its  load  of  embers.  Possibly 
the  active  core  of  the  convection  column  penetrates  2,000  feet  or  more  into 
the  zone  of  increasing  wind  before  fracture  occurs,  but  this  has  not  yet 
been  determined.   The  decreased  velocity  of  the  convection  column  updrafts 
above  the  fracture,  as  well  as  strong  horizontal  free  air  wind  speeds,  both 
combine  to  make  a  pronounced  smoke  drift  at  high  levels.  Thus,  the  upper 
part  of  the  fractured  column  has  a  different  appearance  than  that  of  the 
towering  coli;mn.  Spotting  may  be  severe  with  either  type  of  column,  but 
more  embers  may  be  dropped  with  the  fractured  type. 

When  there  is  fire  over  a  large  area,  extraneous  smoke  from  many 
smoldering  places  makes  it  rather  difficult  to  recognize  the  form  of  the 
convection  column,  especially  at  close  range.  Fires  which  have  reached  a 
size  of  many  thousand  acres  may  have  two  or  more  convection  columns  simul- 
taneously. 

To  some  readers  the  broken  line  attached  to  the  lower  part  of  wind 
profile  type  k-c   on  page  11  has  been  confusing,  because  it  was  not  explained 
until  page  16.   This  broken  line  does  not  represent  a  real  wind  but  rather 
a  virtual  or  apparent  wind  to  which  the  slope  is  equivalent.  It  merely 
illustrates  one  way  in  which  topography  can  alter  the  effect  of  a  free  wind 
profile  on  fire  behavior.   It  should  not  be  confused  with  the  modifying  effects 
of  topography  (as  well  as  surface  temperature)  on  the  actual  wind  speed  itself, 
such  as  upslope  winds  during  sunny  days  and  downslope  winds  on  cloudless 
nights.         _  .- 

The  last  sentence  in  the  next  to  the  last  paragraph  on  page  16  might 
possibly  be  confusing.   In  effect,  this  sentence  states  that  if  the  jet 
point  for  wind  profile  types  2-a  and  2-b  rises  to  a  height  of  2,000  or  3,000 
feet  above  the  elevation  where  a  fire  might  occur,  then  they  are  equivalent 
to  the  "safe"  type  k-a.     Therefore,  a  casual  inspection  of  wind  profile  types 
2-a  and  2-b  on  page  10  might  lead  to  a  wrong  conclusion  as  to  these  types 
because  their  jet  points  are  shown  at  a  height  of  about  2,000  feet.  However, 
this  is  the  height  above  the  pilot  balloon  station  but  not  above  the  fire. 
To  develop  and  maintain  extreme  behavior,  fires  would  have  to  be  much  closer 
to  the  level  of  the  jet  point  (see  the  third  paragraph  from  the  bottom  of 
page  13). 
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There  have  been  some  questions  about  the  relation  of  the  wind  profile 
to  the  temperature  profile  of  the  atmosphere  on  days  when  blowup  fires  occur. 
Possibly  the  best  way  to  illustrate  this  relation  (insofar  as  it  is  now  under- 
stood) is  from  actual  examples.  Of  more  than  a  thousand  soundings  examined 
at  the  National  Weather  Records  Center,  those  representing  the  conditions 
which  existed  over  Great  Falls,  Montana,  on  August  5^  19^9,  are  the  most  strik- 
ing.  The  temperature  profile  (not  shown)  from  the  8:00  p.m.  radiosonde  flight 
indicated  that  during  the  afternoon  the  atmosphere  had  been  unstable  and  tur- 
bulent to  approximately  l6,000  feet  above  sea  level.  The  temperature  would 
have  decreased  up  to  this  level  at  the  rate  of  very  nearly  5,3°  Fahrenheit  per 
1,000  feet  except  for  the  first  few  hundred  feet  where  the  rate  of  decrease 
should  have  been  slightly  greater.  Figure  1  shows  that  the  wind  speed  at 
8; 00  p,m.  decreased  at  a  fairly  uniform  rate  throughout  a  vertical  distance 
of  10,000  feet  or  up  to  about  l6,000  feet  above  sea  level.  Hence,  in  this 
instance,  the  jet  current  had  become  established  to  the  top  of  the  exception- 
ally deep  turbulent  layer.  Flying  conditions  should  have  been  unusually 
bumpy  for  clear  air  on  this  day. 

More  often  the  zone  of  decreasing  wind  speed  extends  only  part  way 
through  the  turbulent  layer.  Figure  8  shows  that  the  decrease  of  wind  speed 
at  4:00  p.m..  May  2,  1951^  over  Hartford,  Connecticut,  extended  to  a  height 
of  nearly  3,000  feet,  or  about  one -third  of  the  depth  of  the  turbulent  layer 
as  indicated  by  temperature  profiles.  As  another  example,  figure  9  shows  that 
the  top  of  the  zone  of  decreasing  wind  speed  at  3^53  p.m.,  March  30,  1953, 
reached  a  height  of  about  3,000  feet  above  Spartanburg,  South  Carolina.  This 
was  less  than  one-half  the  depth  of  the  turbulent  layer  which  the  temperature 
profiles  from  the  nearest  radiosonde  stations  indicated  was  between  6,000  and 
7,000  feet  deep  over  the  Piedmont  Area, 

The  wind  profile,  the  temperature  profile,  and  the  variations  in  the 
pressure  field  aloft  appear  to  be  inter-related  in  a  complex  way.  Overlooked 
when  Station  Paper  No,  35  was  prepared  is  a  paper  entitled  "Note  on  Observed 
Vertical  Wind  Shear  at  Low  Levels  Over  the  Ocean"  by  Donald  R,  Jones,  which 
appeared  in  the  November  1953  issue  of  the  Bulletin  of  the  American  Meteor- 
ological Society,  This  is  a  timely  and  significant  paper  from  the  standpoint 
of  the  relation  between  wind  profiles  and  temperature  profiles.   It  discusses 
the  decrease  of  wind  speed  with  height,  or  "anomalous  wind  shear"  which  occurs 
during  conditions  of  strong  turbulence  over  the  sea. 

Although  it  should  be  emphasized  that  most  of  the  effects  of  the 
temperature  profile  on  extreme  fire  behavior  are  reflected  (and  to  a  con- 
siderable extent  integrated)  in  the  simpler  wind  profile,  nevertheless  the 
temperature  profile  is  still  an  important  part  of  the  extreme  fire  behavior 
picture.   This  may  be  especially  true  from  the  forecaster's  standpoint.  The 
temperature  profile  may  have  even  greater  significance  in  forecasting  work 
when  more  is  known  about  the  possible  delayed  effects  of  an  nonstable  atmos- 
phere on  the  wind  profile. 
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SLASH  PINE  (PINUS  ELLIOTOIl),  INCLUDING  SOUTH  FLORIDA  SLASH  PINE, 


NOMENCLATURE  AND  DESCRIPTION 


Ell^ert  L.  Little,  Jr.,  and  Keith  W.  Dormani/ 
United  States  Forest  Service 


INTRODUCTION 


Slash  pine  (Pinus  elliottii  Engelm. ),  including  its  variation 
South  Florida  slash  pine  recently  distinguished  as  a  new  botanical  variety, 
has  been  known  by  several  different  scientific  names.  As  a  result,  the 
common  name  slash  pine  is  more  precise  and  clearer  than  scientific  names. 
The  slash  pine  of  southern  Florida  differs  from  typical  slash  pine  in  a  few 
characters  important  in  forestry,  such  as  seedling,  wood,  and  resin  produc- 
tion. A  study  of  the  botanical  nomenclature  and  geographic  variations  of 
this  valuable  tree  species  is  therefore  appropriate. 2/ 

This  species  is  one  of  the  most  important  pines  in  southeastern 
United  States  for  lumber,  pulpwood,  and  naval  stores  (Mattoon,  19^0) .   It 
is  widely  and  successfully  grown  in  forest  plantations,  and  more  than  200 
million  young  slash  pines  are  being  planted  in  195^  on  more  than  200,000 
acres  in  eight  southern  states. 

Many  botanists  and  most  foresters,  including  the  United  States  Forest 
Service,  have  applied  the  name  Pinus  caribaea  Morelet  to  slash  pine  through- 
out its  range.   Others  have  restricted  this  name  to  the  variation  in  southern 
Florida  and  regard  the  widespread  familiar  slash  pine  as  a  separate  species, 
P.  elliottii  Engelm.  or  also  P.  palustris  Mill.,  the  latter  name  usually 
applied  to  longleaf  pine.   The  distinguished  American  dendrologist  Charles  S. 


l/  Respectively,  forester  (dendrology),  United  States  Forest  Service, 
Washington,  D.  C,  and  forester  (research  administration),  Southeastern  Forest 
Experiment  Station,  United  States  Forest  Service,  Macon,  Georgia. 

2/  A  summary  of  this  study  with  formal  description  of  the  new  botanical 
variety  has  been  published  by  Little  and  Dorman,  Journal  of  Forestry  50(l2): 
918-923,  December  1952. 


Sargent  used  at  different  times  these  four  specific  names  for  slash  pine: 
P.  elliottii,  P.  cubensis^  P.  heterophylla,  and  P.  caribaea. 

The  name  P.  caribaea  is  given  also  to  pines  of  West  Indies  and  Cen- 
tral America.   Some  differences  between  these  pines  of  tropical  climates  and 
pines  in  the  United  States  bearing  the  same  name  have  been  observed  in  ex- 
perimental plantings  in  the  United  States  and  in  plantations  in  South  Africa. 
A  precise  nomenclature  of  these  native  and  exotic  pines  is  particularly  im- 
portant in  planting  programs. 

For  some  years  foresters  have  kno-wn  the  variation  of  slash  pine  in 
southern  Florida  which  has  a  grasslike,  almost  stemless  seedling  stage,  an 
irregular  spreading  crown,  and  very  heaAry  wood  with  thick  summerwood,  and 
which  is  not  worked  for  oleoresin.   South  Florida  slash  pine,  the  only  common 
pine  south  of  Lake  Okeechobee,  occupies  about  1,750^000  acres  of  commercial 
forest  lands.   Most  of  this  area  has  been  cut  over,  and  much  needs  artificial 
reforestation.   Preliminary  attempts  to  grow  niorsery  stock  from  northern 
Florida  were  not  successful.   Questions  about  the  name  of  the  south  Florida 
variation  have  come  to  the  United  States  Forest  Seirvice  from  time  to  time. 
Therefore,  we  have  been  requested  to  make  a  taxonomic  study  of  these  pines. 

Our  studies  show  that  among  the  hard  pines  with  shiny  brown  cones 
generally  classified  as  Pinus  caribaea  Morelet  are  three  different  geograph- 
ically separated  populations  or  taxonomic  entities  (taxa).  Because  of  sig- 
nificant differences,  these  three  kinds  of  pines  should  be  recognized  by 
foresters  as  distinct  in  forest  management,  in  utilization,  and  in  planting, 
especially  in  areas  removed  from  the  natural  ranges. 

Two  botanical  species  will  be  distinguished  in  this  report,  P.  cari- 
baea Morelet,  Caribbean  pine,  with  tropical  distribution  in  West  Indies  and 
Central  America,  and  P.  elliottii  Engelm. ,  slash  pine,  in  southeastern 
United  States.  The  latter  is  subdivided  into  two  varieties,  P.  elliottii 
var.  elliottii,  typical  slash  pine,  ranging  along  the  wami  temperate  coastal 
plain  from  South  Carolina  to  central  Florida  and  eastern  Louisiana,  and  a 
new  variety  P.  elliottii  var,  densa.  South  Florida  slash  pine,  in  subtropical 
southern  Florida  and  coasts  of  central  Florida.   Throughout  the  following 
report  these  variations  will  be  designated  accordingly,  except  where  refer- 
ences are  made  to  different  usage  of  names  by  other  authors. 
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HISTORY  OF  NOMENCLATURE 


Histories  of  the  confused  nomenclature  applied  to  typical  slash 
pine  (Pinus  elliottii  var,  elliottii)  in  the  United  States,  to  South  Florida 
slash  pine  (P.  elliottii  var.  densa),  and  to  Caribbean  pine  (P.  caribaea) 
outside  the  United  States  in  West  Indies  and  Central  America  are  summarized 
here.  This  review  will  serve  to  define  the  scientific  names  applied  to 
these  pines  by  the  principal  botanical  specialists  at  different  times  in  the 
past  since  first  recognition,  and  to  indicate  the  correct  scientific  names 
under  the  International  Code  of  Botanical  Nomenclature.   Only  the  more  im- 
portant references,  such  as  publications  containing  new  names,  monographs, 
regional  floras,  and  tree  manuals  or  lists,  are  mentioned. 


SLASH  PINE  (TYPICAL) 

For  typical  slash  pine  (P.  elliottii  var.  elliottii)  the  six  fol- 
lowing scientific  names  are  reviewed  in  the  approximate  order  of  their 
adoption:  P.  taeda  var.  heterophylla,  P.  elliottii_,  P.  cubensis,  P.  hetero- 
phylla,  P.  caribaea,  and  P.  palustris. 

Pinus  taeda  var.  heterophylla 

Stephen  Elliott  {l8l6-2k)    in  l82i+  was  the  first  botanist  to  distin- 
guish slash  pine,  naming  it  a  variety  of  loblolly  pine,  Pinus  taeda,  var. 
heterophylla.   In  his  Sketch  of  the  Botany  of  South-Carolina  and  Georgia 
(2:  636,  1824),  he  described  this  new  variety  as  follows: 

"Along  the  marshes  near  the  mouths  of  the  fresh-water  rivers,  (at 
least  in  Georgia)  this  pine  is  very  common.   It  is  frequently  called  the 
smooth-bark  Loblolly  Pine.   It  becomes  occasionally  a  very  large  tree;  its 
bark  is  as  smooth  as  that  of  P.  Palustris  but  in  longer  scales;  it  has  more 
sap-wood  than  any  of  our  pines,  and  its  leaves  I  have  found  in  some  in- 
stances by  twos  and  threes  indiscriminately  mingled  even  on  the  old  branches." 

Thus,  Elliott's  variety  of  Georgia  marshes  was  nauned  from  its  varia- 
ble leaves  in  both  2's  and  3's^  instead  of  in  3's  in  P.  taeda,  and  was  fur- 
ther characterized  by  its  smooth  bark.   Elliott's  herbarium,  which  is  pre- 
served in  the  Charleston  Museum,  Charleston,  S.  C,  contains  no  specimen  of 
this  pine,  according  to  the  list  of  his  type  specimens  by  Weatherby  (19^2) . 
One  of  us  has  also  examined  Elliott's  herbarium  and  confirmed  the  absence  of 
a  type. 
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Slash  pine  was  unknown  to  earlier  botanists  before  Elliott,  and 
likewise  was  not  distinguished  from  loblolly  pine  or  longleaf  pine  by 
botanists  in  the  half  century  that  followed.  According  to  Harper  (1928, 
p.  157;  19^3^  ?♦  204,  206),  previous  to  the  ISTO's  the  turpentine  pines 
of  the  South  were  generally  regarded  as  all  longleaf  pines.  Then  bota- 
nists began  to  recognize  another  pine  growing  chiefly  in  branch  swamps, 
in  some  places  called  "slashes/'  which  became  known  as  slash  pine. 


Pinus  elliottii 

About  1872,  J.  H.  Mellichamp,  a  physician  of  Bluffton,  S.  C,  re- 
discovered slash  pine.   In  a  revision  of  the  genus  Pinus,  George  Engel- 
mann  (188O,  pp.  186-I9O,  pi.  1-3)  published  a  detailed  description  of  the 
new  species  P.  elliottii,  well  illustrated  with  three  excellent  plates 
and  based  largely  upon  Mellichamp's  copious  specimens  and  notes.   This 
new  species  honored  Stephen  Elliott,  whose  earlier  variety,  P.  taeda  var. 
heterophylla,  was  cited  as  a  synonym.   The  local  name  blue  pine,  from  the 
purplish  bark,  and  the  name  slush-pine,  credited  to  Sargent,  were  men- 
tioned.  According  to  Sargent,  this  was  "by  far  the  handsomest  of  all  the 
southern  pines."  Engelmann  recorded  the  range  from  near  Charleston,  S.  C, 
to  south  Florida  and  west  to  Mobile,  Ala.   He  stated  that  this  species 
was  closely  allied  to  P.  cub ens is  and  might  prove  to  be  a  geographical 
variety.  As  no  specimen  collected  by  Elliott  has  been  located,  the  name 
P.  elliottii  is  to  be  associated  with  Mellichamp's  many  specimens  now 
found  in  different  herbaria,  particularly  those  at  Missouri  Botanical 
Garden  examined  by  Engelmann. 

Pinus  elliottii  Engelm.  appeared  as  nomen  nudum  without  descrip- 
tion in  an  earlier  list  of  trees  of  the  United  States  in  I876  by  Vasey 
(Cat.  Forest  Trees  U.  S.  30.   I876;  U.  S.  Dept.  Agr.  Rpt.  Comm.  Agr.  I875: 
178.   1876)  and  also  in  another  list  in  I88O  by  Sargent  (188O,  p.  7^),  who 
remarked,  "A  large  tree,  probably  often  confounded  with  P.  taeda." 
Chapman  (1883,  p.  650)  took  up  this  name  in  the  supplement  of  his  Flora. 

The  name  P.  elliottii  was  short  lived  and  was  united  with  P.  cuben- 
sis  in  I88J+  by  Sargent,  as  noted  below.   Then,  after  the  names  P.  hetero- 
phylla and  P.  caribaea  were  adopted  in  turn  for  typical  slash  pine.  Small 
(1913a,  p.  33)  in  1913  revived  P.  elliottii  Engelm.  for  the  northern  varia- 
tion while  retaining  P.  caribaea  for  slash  pine  of  southern  Florida. 
However,  Small  (1933^  PP.  3-5)  later  rejected  P.  elliottii  in  favor  of  P. 
palustris,  as  explained  under  that  name. 

A  few  authors  have  continued  to  use  P.  elliottii.   Coker  and  Totten 
(193^^  pp.  19-22)  were  unable  to  agree  with  Small's  interpretation.   They 
accepted  P.  elliottii  as  the  single  species  of  slash  pine  from  Miami,  Fla., 
northward,  but  admitted  that  P.  caribaea  may  get  into  the  Florida  Keys,  out 
of  the  range  covered  by  their  book.   West  and  Arnold  (19^,  pp.  3,  6)  re- 
tained P.  elliottii as  slash  pine  for  the  northern  variation  as  a  distinct 
species  from  P.  caribaea  as  Caribbean  pine  for  the  south  Florida  variation. 


Plnus  cubensis 

In  188^4-  Sargent  (l88^,  pp.  202,  520-523,  map)  accepted  Plnus  cubensis 
Griseb.,  with  slash  pine  as  the  first  of  four  common  names  and  reduced  P. 
elliottii  Engelm.  to  synonymy.   He  stated  that  A.  H.  Curtiss'  specimens 
from  the  Florida,  Keys  connected  the  forms  of  South  Carolina,  Georgia,  and 
northern  Florida  with  the  West  Indian  tree  and  that  this  was  the  only 
species  of  pine  in  southern  Florida.   The  range  was  extended  west  to  south- 
eastern Louisiana  but  was  confined  to  near  the  coast  and  not  beyond  50  or 
60  miles  inland.   The  map  of  Florida  showing  the  distribution  of  the  pine 
forests  (opposite  p.  522  and  dated  l88l)  indicated  the  inland  forests  as 
P.  palustris  and  forests  of  P.  cubensis  only  along  the  coasts.   This  map, 
one  of  the  first  of  slash  pine,  is  of  special  interest  as  showing  remark- 
ably well  the  distribution  of  South  Florida  slash  pine  in  southern  Florida 
and  northward  along  both  coasts,  though  the  variety  does  not  extend  as  far 
north  on  the  east  coast  as  mapped  and  the  range  in  western  Florida  west  of 
Cedar  Keys  is  not  this  variety.   Typical  slash  pine  as  it  occurs  mixed 
with  longleaf  pine  across  central  and  northern  Florida  was  not  distinguished 
from  the  latter. 

However,  studies  by  George  Russell  Shaw  and  others  about  a  half 
century  ago  showed  that  P.  cubensis  Griseb.  is  a  species  of  eastern  Cuba 
and  is  different  from  pines  of  southeastern  United  States.   Since  that 
time  P.  cubensis  has  disappeared  from  usage  in  this  country.  Fernald  and 
Schubert  (19^8,  pp.  I83-I86)  alone  among  recent  authors  referred  the  slash 
pine  of  southeastern  United  States  to  P.  cubensis  Griseb. 


Pinus  heterophylla 

Following  an  old  "American  Code"  rule  that  priority  began  with  pub- 
lication as  a  variety,  Sudworth  in  I893  reinstated  Elliott's  oldest,  varietal 
name  as  Pinus  heterophylla  (Ell.)  Sudw.  (Torrey  Bot.  Club  Bui.  20:  k'^.      I893; 
U.  S.  Dept.  Agr.  Rpt.  Secy.  Agr.  I892:  329-   l893)  to  replace  P.  cubensis 
Griseb.   He  regarded  the  mainland  and  insular  pines  as  one  species  and  used 
the  common  name  Cuban  pine.   Mohr  (I897)  adopted  Sudworth 's  name  in  his  mono- 
graph of  the  southern  pines  and  noted  the  occurrence  also  in  Cuba  and  Honduras, 
but  his  map  (pi.  3)  omitted  southern  Florida  from  the  range.   P.  heterophylla 
was  further  used  by  Sudworth  (Nomencl.  Arbor.  Fl.  U.  S.,  U.  S.  Dept.  Agr.  Div. 
Forestry  Bui.  1^:  3I.   I897)  and  was  adopted  also  by  Sargent  in  his  Silva  of 
North  America  (189I-I902,  11:  I57-I59,  pis.  59I-592.   I897). 

However,  this  binomial  had  been  published  twice  before  in  18^9  for 
two  other  species.  Under  present  rules  P.  heterophylla  (Ell.)  Sudw.  dates 
from  1893  and  besides  lacking  priority  must  be  rejected  as  a  later  homonym. 

Small  (1903,  p.  28)  adopted  the  name  P.  heterophylla  (Ell.)  Sudw. 
for  a  pine  listed  between  P.  taeda  L.  and  P.  serotina  Michx.  and  in  addition 
to  slash  pine,  P.  elliottiT  Engelm. ,  with  the  following  distribution:  "Sandy 
swamps,  near  the  coast,  Ga.  and  S.  C.--It  produces  the  palest  bark  and  the 
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softest  wood  of  our  pines  and  has  the  most  restricted  range."  No  pine 
■with  this  name  or  range  has  been  distinguished  by  recent  authors ;  though 
P.  heterophylla  was  afterwards  retained  by  Small  (l933;  ?•  5)-   Shaw  (191^, 
p.  72)  referred  P.  heterophylla  Small,  not  Sudw. ,  to  synonymy  under  P. 
taeda  L.   We  found  only  four  sheets  in  a  folder  of  P.  heterophylla  "as  to 
name"  at  the  New  York  Botanical  Garden,  two  of  which  were  sterile.   Small's 
own  specimen  (j.  K.  Small,  June  l^-l8,  I893;  NY)  from  Brunswick,  Glynn  Co., 
Georgia,  with  immature  cones  is  P.  serotina  Michx. ,  according  to  examina- 
tion of  needle  anatomy  and  as  originally  labeled.  Another  specimen  with 
immature  cones  from  the  same  county  (R.  M.  Harper  1^37;  NY)  apparently  is 
the  same.   A  specimen  from  Miami,  Fla.,  labeled  "P.  heterophylla  in  part" 
(j-  K.  Small  and  G.  V.  Nash  Oct.  27--N0V.  13,  19Q1;  NY)  is  P.  elliottii 
var  densa.   Thus,  P.  heterophylla  sensu  Small  was  not  the  same  as  Elliott's 
variety  of  that  name  but  was  P.  serotina  Michx.  in  part. 


Plnus  caribaea 

Present  usage  of  Pinus  caribaea  Morelet  (1855)  for  the  slash  pine  of 
southeastern  United  States  as  a  species  occurring  also  in  Cuba,  Bahama  Is- 
lands, and  Central  America  follows  the  conservative  monograph  by  Shaw  (l9l4, 
p.  70)'  Morelet 's  name  for  a  pine  at  Isle  of  Pines  appeared  in  an  obscure 
publication  and  had  been  overlooked  until  mentioned  by  Shaw  (l90^b) .   He 
combined  P.  elliottii  Engelm.  and  P.  bahajnensis  Griseb.,  described  from 
Bahama  Islands,  under  the  older  name  P.  caribaea. 

Sargent  (190^,  pp.  I8-I9,  fig.  18;  1926,  pp.  15-I6,  fig.  I7),  who 
had  previously  used  three  other  specific  names  for  slash  pine,  then  adopted 
a  fourth,  P.  caribaea.   Most  authors  have  likewise  accepted  P.  caribaea. 

Britton  and  Shafer  (1908,  pp.  35-37,  fig.  27-28)  adopted  P.  caribaea. 
Their  photograph  of  slash  pine  in  south  Florida  apparently  is  South  Florida 
slash  pine. 

However,  as  noted  below,  several  American  authors  have  restricted 
P.  caribaea  in  the  United  States  to  south  Florida,  the  variation  here  called 
South  Florida  slash  pine,  and  have  retained  P.  elliotti  Engelm.  for  slash 
pine. 


Pinus  palustris 

Adding  to  the  confusion.  Small  (1933,  PP-  3-5)  adopted  for  slash 
pine  Pinus  palustris  Mill.,  the  name  generally  applied  to  longleaf  pine,  for 
which  he  took  up  P.  austral is  Michx.  f .   A  few  others,  such  as  Van  Dersal 
(1938,  pp.  187,  191)  and  De  Vail  (19^1,  pp.  121-132),  followed  Small's  last 
change  in  nomenclat\are. 

Little  (19^^,  pp.  l4.57-i)-58)  maintained  P.  palustris  for  the  longleaf 
pine  and  further  rejected  P.  austral is  as  nomenclaturally  superfluous  when 


-  6  - 


published.   Fernald  and  Schubert  (19^8,  pp.  I8I-I86)  and  Fernald  (19I18, 
pp.  2^1-249)  rejected  P.  palustris  as  "hopelessly  indefinite"  and  adopted 
P.  australis  for  longleaf  pine.   It  seems  simplest  to  retain  P.  palustris 
for  longleaf  pine^  the  oldest  nam.e  established  in  usage^  pending  settlement 
of  this  controversial  question.   P.  palustris  sensu  Small^  for  slash  pine^ 
apparently  is  a  misapplication  of  the  name. 


SLASH  PINE  IN  SOUTH  FLORIDA 


Several  American  authors  have  restricted  the  name  Pinus  caribaea 
in  the  United  States  to  the  pine  of  south  Florida  and  have  regarded  the 
familiar^  more  widespread  slash  pine  of  northern  Florida  and  beyond  as  a 
different  species  P.  elliottii.   However,  none  heretofore  has  suggested 
that  South  Florida  slash  pine  differs  from  both  P.  caribaea  and  typical  P. 
elliottii.   Thus,  no  separate  specific  or  varietal  name  has  been  given  to 
this  pine.   A  summary  of  principal  authors  distinguishing  this  variation 
follows : 

That  Engelmann  (188O,  p.  I87)  included  South  Florida  slash  pine 
unrecognized  in  his  new  species  P.  elliottii  was  indicated  by  his  quota- 
tion from  A.  P.  Garber,  "the  most  common  pine  in  South  Florida..." 

One  of  the  first  to  recognize  the  existence  of  the  two  kinds  of 
slash  pine  in  Florida  was  Eugene  A.  Smith  (l884) ,  whose  early  map  and  notes 
have  been  cited  by  Harper  (1928,  p.  157 )•   Smith's  (l884,  map  opposite  p. 
187)  agricultural  map  of  Florida  dated  I88O  is  somewhat  like  that  of  Florida 
showing  the  pine  forests  by  Sargent  (l884,  map  opposite  p.  522)  dated  I88I, 
and  mentioned  above  under  P.  cubensis.   Both  were  in  different  volumes  of 
the  reports  of  the  10th  United  States  Census  of  I88O.   However,  Smith's, 
really  a  vegetation  map,  was  more  detailed  and  like  Sargent's  map  showed 
pitch  or  Cuban  pine  in  south  Florida  and  northward  along  both  coasts,  the 
range  of  South  Florida  slash  pine,  but  also  farther  north.   After  discussing 
the  longleaf  pine  region.  Smith  (p.  205)  wrote  under  pitch  pine:  "The 
pitch  pine  grows  all  along  the  GuJ.f  coast,  and  has  been  designated  as  Pinus 
Elliottii  Engelmann,  in  the  northern  portion  of  its  area  of  occurrence,  while 
southward  it  is  named  Pinus  Cubensis  Grisebach,  by  Professor  Sargent,  who 
considers  it  identical  with  the  Cuban  pine."   Smith  credited  to  Sargent 
records  of  pine  along  the  coasts  of  northern  Florida  now  known  to  be  typical 
slash  pine,  but  Sargent  then  had  P.  elliottii  as  a  synonym  of  P.  cubensis. 
The  change  in  forests  from  longleaf  pine  to  pitch  or  Cuban  pine  south  of 
latitude  27°  was  noted  by  Smith  (p.  207),  vho  quoted  a  similar  earlier  ob- 
servation by  Col.  J.  L.  Williams  in  a  book.  Territory  of  Florida,  published 
in  1837. 

In  1901  Rowlee  (1903)  made  a  field  study  of  the  pines  of  south  Florida 
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Cuba,  and  Isle  of  Pines.   He  concluded  that  the  pine  of  south  Florida, 
which  he  called  P.  heterophylla  (the  name  then  applied  to  slash  pine), 
was  not  identical  with  Cuban  pines  known  as  P.  cubensis  Griseb.  but  had 
very  different  cones.   However,  he  did  not  enumerate  the  differences  and 
did  not  separate  the  pine  of  south  Florida  from  that  northward.  Rowlee ' s 
observations  were  not  checked  by  others  until  confirmed  independently  by 
our  own  field  studies  a  half  century  later. 

Small  (1913a,  p.  33),  known  for  the  niMierous  slight  variations  he 
distinguished  among  the  southeastern  plants,  was  another  to  recognize 
early  that  typical  slash  pine  and  South  Florida  slash  pine  are  distinct, 
though  the  differences  he  reported  have  not  been  confirmed  by  others.   The 
former  was  listed  as  P.  elliottii  Engelm. ,  blue  or  swamp  pine,  distributed 
as  far  south  as  the  Everglade  region.   The  latter  as  P.  caribaea  Morelet, 
slash  pine,  was  distributed  in  "southern  peninsular  Florida,  and  some  of 
the  lower  keys  and  near  the  coast  to  Georgia  and  Mississippi.   Also  in  the 
Bahamas  and  Cuba."   He  retained  also  P.  heterophylla  (Ell.)  Sudw. ,  pond  or 
slash  pine,  in  swampy  soil  near  the  coast  in  South  Carolina  and  Georgia. 

In  his  handbook  on  Florida  trees  published  the  same  year.  Small 
(l913t>,  p.  2)  accepted  the  same  two  species  and  stated  the  Florida  range 
of  P.  caribaea  as  follows:   The  SLASH-PINE  grows  in  dry  sand  close  to  most 
of  the  coast  line  of  Florida,  and  on  rock  on  the  Everglade  Keys,  the  lower 
Florida  Keys  and  a  few  of  the  upper  keys.   P.  caribaea  as  Caribbean-pine 
without  P.  elliottii  was  further  listed  by  Small  in  two  local  floras  of 
southern  Florida,  Flora  of  Miami  ( 1913c,  p.  2)  and  Flora  of  the  Florida 
Keys  (1913d,  p.  2). 

In  191^;  Roland  M.  Harper  (191^,  p.  3^1)  who  has  made  numerous 
important  studies  of  the  trees  and  other  plants  of  southeastern  United 
States  during  the  past  half  centiory,  published  notes  on  the  distribution 
and  properties  of  South  Florida  slash  pine,  which  are  quoted  in  full  in 
the  following  paragraphs.   He  recorded  P.  elliottii  as  slash  pine  south  in 
Florida  to  about  latitude  27°  Lake  Okeechobee.  Two  photographs  taken  in 
1909  accompanied  the  following  notes. 

"Our  southernmost  conifer,  Pinus  Caribaea,  seems  to  have  no  dis- 
tinctive common  name  in  general  useT   (Tt  has  been  called  'Cuban  pine' 
by  several  writers  on  forestry  in  recent  years,  but  that  name  would  be 
more  appropriate  for  Pinus  Cubensis,  a  species  confined  to  eastern  Cuba.) 
It  is  abundant  in  South  Florida,  and  may  extend  along  the  coast  to  Georgia 
and  Mississippi,  though  this  point  has  not  yet  been  determined  beyond 
question.   It  is  said  to  occur  also  in  the  Bahamas, 'western  Cuba,  the  Isle 
of  Pines,  and  British  Honduras.   It  grows  in  pure  stands,  like  the  long- 
leaf,  and  south  of  the  Caloosahatchee  River  it  is  almost  the  only  pine, 
and  more  abundant  than  all  other  trees  combined.   It  is  confined  to  low 
regions  within  100  feet  of  sea-level,  and  the  saw-palmetto  is  usually  the 
most  conspicuous  feature  of  the  undergrowth  (in  Florida,  but  not  in  the 
tropics,  for  this  palmetto  does  not  grow  farther  south). 
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"It  grows  mostly  in  sandy  soil  north  of  Miami,  and  on  limestone 
rock  south  of  there_,  where  sand  is  scarce.   Although  it  occupies  the 
driest  soils  within  its  range  (quite  unlike  its  near  relative  P.  Elliottii), 
the  country  where  it  grows  is  so  low  that  there  is  usually  water  within  two 
or  three  feet  of  the  surface.   The  climate  is  subtropical,,  with  no  snow  and 
little  frost,  and  the  summers  are  much  wetter  than  the  winters. 

"This  species  withstands  fire  about  as  well  as  P.  palustris  and  P. 
Elliottii  do,  or  perhaps  even  better,  and  is  exposed  to  it  as  often. 

"Its  wood  is  similar  to  that  of  the  long-leaf  pine,  except  that  it 
is  more  resinous  and  brittle,  and  therefore  is  not  used  much  for  lumber 
except  locally  where  there  is  no  other  pine  within  easy  reach.   The  gum 
does  not  flow  readily,  and  consequently  very  little  turpentine  is  obtained 
from  this  species;  but  it  is  not  unlikely  that  the  increasing  scarcity  of 
long-leaf  pine  may  before  long  bring  about  the  invention  of  some  method  for 
utilizing  P.  Caribaea  as  a  profitable  source  of  naval  stores.   The  range  of 
this  species  lies  almost  entirely  south  of  the  cotton  crop,  but  the  soil 
or  rock  in  which  it  grows  is  being  planted  extensively  to  grape-fruit, 
mangoes,  avocadoes,  and  other  tropical  fruits." 

The  Florida  Forest  Service  in  a  mimeographed  news  release  entitled 
"Forest  Service  studies  slash  pine"  and  dated  October  I5,  193^^  described 
for  the  first  time  the  distinctive  grasslike  seedlings  of  slash  pine  grown 
from  south  Florida  seed.   These  grasslike  seedlings  were  contrasted  with  the 
normal  seedlings  from  seed  collected  in  north  Florida  grown  in  the  same 
nursery  at  Olustee.   According  to  the  release,  it  was  planned  to  establish 
plantings  of  the  two  side  by  side  in  various  parts  of  the  State  to  continue 
observations  of  their  growth  habits,  to  settle  the  question  of  whether  or 
not  they  were  two  distinct  species,  and  to  determine  whether  the  faster 
growing  variation  could  be  planted  commercially  in  places  occupied  by  the 
slower  growing  variation.   Two  significant  paragraphs  of  this  news  release, 
quoted  below,  are  almost  identical  with  a  quotation  published  by  De  Vail 
(19^1,  p.  129),  credited  to  a  letter  from  T.  W.  Young: 

"During  the  past  spring  /~193^7^  J^*  ^'    J*  Weddell,  of  the  Florida 
Forest  Service,  noted  that  the  seedlings  in  certain  beds  at  the  State  nur- 
sery were  markedly  different  from  those  about  them — even  though  they  were 
on  identical  soil  and  had  received  the  same  care,  fertilizer,  watering, 
et  cetera.   An  investigation  of  the  records  showed  the  seed  used  in  these 
particular  beds  were  collected  in  the  vicinity  of  Highlands  Hammock  by  the 
boys  of  the  C.C.C.  camp  at  Sebring. 

"Measurements  taken  on  August  28  £^1^3^  by  the  present  nurseryman, 
Mr.  T.  W.  Young,  show  that  the  average  height  of  the  trees  grown  from  the 
south  Florida  seed  is  about  three  and  a  third  inches  as  compared  with  more 
than  seven  and  a  half  inches  for  those  grown  from  seed  collected  in  north 
Florida.   In  addition,  the  seedlings  grown  from  seed  collected  in  the 
southern  part  of  the  State  have  developed  a  stem  of  only  about  three  inches, 
terminating  in  a  cluster  of  needles  very  similar  to  those  of  a  longleaf  pine 
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seedling.  The  north  Florida  seedlings  have  needles  from  near  the  ground  to 
the  tip  of  the  stem,  growing  in  a  well  distributed  manner  without  b\inching." 

Apparently  most  of  the  plantations  mentioned  in  the  news  release 
are  no  longer  in  existence.   De  Vail  cited  one  plantation  of  southern  seed- 
lings in  northern  Florida  with  nearly  100  percent  mortality. 

One  of  the  most  detailed  investigations  of  the  two  variations  of 
slash  pine  in  Florida  was  made  by  Wilbur  B.  De  Vail  (19^1,  19^^),  now  at 
Alabama  Polytechnic  Institute^  while  with  the  University  of  Florida  and  after- 
wards U.  S.  Forest  Service.   Unfortunately,  much  of  his  work,  including  maps 
and  distribution  records,  remained  unpublished  in  a  thesis. 3/ 

In  an  article  condensed  from  his  thesis,  De  Vail  (19J+I)  checked  the 
taxonomic  characters  used  by  Small  (1933)  to  separate  the  two  related  pines 
and  followed  the  latter 's  final  nomenclature.   He  made  a  1200  mile  field 
trip  along  both  coasts  of  Florida,  collecting  specimens  in  each  county. 
Differences  in  cones  mentioned  by  Small,  such  as  shape,  proportions,  length, 
and  curvature  of  prickles,  were  found  to  be  unreliable.   He  reported  for 
South  Florida  slash  pine  as  P.  caribaea  the  number  of  resin  ducts  in  needle 
cross  section  to  be  k   to  9^  in  contrast  to  2  or  occasionally  3  cited  by 
Harlow  (1931)  fo^  "slash  pine."  The  grasslike  seedling  with  very  short 
thickened  stem  in  the  southern  variation  was  contrasted  with  the  normal, 
spindly  seedling  with  pencillike  stem  in  the  northern  variation.   The  dis- 
tribution of  the  southern  variation  was  in  the  form  of  a  widely  spread  "Y" 
extending  from  Big  Pine  Key  north  in  Florida  near  the  coasts.   South  Florida 
slash  pine  was  not  used  for  naval  stores  because  it  did  not  produce  the  flow 
of  gum  of  the  more  northern  pines. 

Later  De  Vail  (19^)  published  a  key  to  the  species  of  native  Florida 
pines,  in  which  these  two  pines  were  separated  according  to  the  number  of 
resin  ducts  of  the  needle,  2  or  3  in  typical  slash  pine  and  4  to  9  (average 
7)  in  South  Florida  slash  pine. 

The  common  pine  of  south  Florida  and  the  keys  was  listed  as  P. 
caribaea,  slash  pine,  by  Buswell  (l9^,  P-  12). 

West  and  Arnold  (l9^6,  pp,  ^,   6)  distinguished  two  species,  P.  cari- 
baea Morelet  as  Caribbean  pine  for  southern  Florida  slash  pine  and  P.  elli- 
otti  EngeM.  as  slash  pine  for  the  northern  variation.   They  illustrated  the 
differences  in  seedlings  and  published  perhaps  the  first  drawing  of  the  grass- 
like seedling  with  large  tap  root  of  the  former.  However,  they  admitted  that 
there  was  little  to  distinguish  mature  trees  in  general  appearance  and  did 
not  illustrate  the  cone  and  foliage  of  the  fonner.  Resin  ducts  in  needles 


3/     De  Vail,  Wilbur  B.   The  taxonomic  status  and  ecological  variations 
of  certain  southern  pines.   125pp.^  illus.   M.  S.  thesis,  Univ.  Fla.,  19^1* 
(Typewritten) 
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of  the  former  were  reported  to  be  more  abundant  (5  to  10 )  than  in  the  latter 
(3  to  h). 

Harlow  and  Harrar  (19^0^  p-  9^)  noted  that  there  appeared  to  be  two 
geographic  forms  of  P.  caribaea,  which  some  authors  recognized  as  separate 
species. 

Several  studies ^  mostly  unpublished,  of  South  Florida  slash  pine 
have  been  made  by  personnel  of  the  United  States  Forest  Service.   Shortly 
after  the  grasslike  seedling  was  discovered  by  the  Florida  Forest  Service 
in  193^^  Frank  Heyward,  of  the  U.  S.  Forest  Service,  on  November  3;  193^^ 
made  a  photograph  of  seedlings  of  the  common  and  south  Florida  varieties  of 
slash  pine  at  the  Florida  Forest  Service  Nursery  at  Olustee,  Florida.   The 
short,  thick-stem  seedlings  of  South  Florida  slash  pine  are  in  strong  con- 
trast to  the  taller,  slender-stem  seedlings  of  local  origin.   On  April 
2-3}    1935^  he  took  several  pictures  of  forests  of  the  southern  variation  20 
miles  south  of  Ft.  Meyers,  Lee  County. 

Wilbur  B.  De  Vail,  while  employed  by  the  U.  S.  Forest  Service,  in 
19^5  sent  specimens  of  South  Florida  slash  pine  to  the  Forest  Service  Her- 
barium.  The  drawing  (fig.  l)  by  Leta  Hughey,  was  made  at  that  time  from 
one  of  his  fresh  specimens. 

Year-old  seedlings  of  Pinus  caribaea  from  Cuban  and  British  Honduran 
seed  sown  in  Texas  in  1929  were  much  less  frost -resistant  than  stock  from 
Florida  seed,  the  Woody-Plant  Seed  Manual  (U.  S.  Dept.  Agr.,  Forest  Service 
19^8,  p.  264)  reported  in  a  summary  of  climatic  races  among  the  pines. 
However,  according  to  some  botanists  more  than  one  species  was  included. 

In  response  to  inq_uiries  about  the  confused  nomenclature  of  south- 
ern pines.  Little  (19^8,  pp.  ^57-^58)  published  a  note  maintaining  P.  palus- 
tris  Mill,  for  longleaf  pine  instead  of  slash  pine.   He  noted  that  P.  cari- 
baea apparently  was  the  oldest  available  name  for  slash  pine  and  indicated 
the  desirability  for  additional  field  study  to  determine  whether  the  more 
northern  variation  merited  specific  segregation  as  P.  elliottii  Engelm. 


CAJRIBBEAN  PINE  IN  WEST  INDIES 


The  earliest  known  scientific  name  given  to  the  pines  in  this  study 
was  P.  caribaea  Morelet  (Rev.  Hort.  Cote  d'Or  1:  IO5.   I85I;  not  seen),  for 
which  Caribbean  pine  is  the  English  eq_uivalent.   Morelet '  s  name  was  over- 
looked by  botanists  for  about  a  half  century  and  was  not  listed  in  Index 
Kewensis.   The  original  publication  apparently  is  rare,  and  no  copy  is 
available  in  the  United  States.   Four  years  later  the  name  P.  caribaea 
Morelet  (Soc.  Hist.  Nat.  Dept.  Moselle  Bui.  7:  100.   I855)  was  again  pub- 
lished, also  in  an  obscure,  overlooked  article,  which  we  have  examined  at 
the  Library  of  Congress.   Discovery  of  the  second  article  was  reported  by 


-  11  - 


Fig.  1. --Drawings  of  South  Florida  slash  pine  from  fresh  specimen  collected  in  Martin  County, 
Florida,  by  W.  B.  De  Vail,  Jan.  23,  I9U5.   Upper  center,  leafy  twig  with  male  cones 
or  strobili  before  opening  to  shed  pollen,  almost  -g-x.  A-F,  details  about  9x. 
A,  apex  of  needle.  B,  sheath  at  base  of  fascicle  of  needles.   C,D,  microsporophylls 
with  two  opened  pollen  sacs.   E,  bud  scale.  F,  bracts  at  base  of  strobilus. 
Drawing  by  Leta  Hughey,  U.S.D.A.  ~ 


12  - 


Shaw  (l90^a),  who  quoted  the  Latin  diagnoses  of  this  and  another  new 
species  of  pine.  Aftearwards,  Shaw  (l90^"b^  pp.  52,  70)  cited  Morelet's 
first  publication  of  the  two  names. 

Morelet's  (l8^^)  second  article  described  two  new  species  of 
pines  from  Isle  of  Pines ^  P.  tropicalis  and  P.  caribaea,  and  included 
Latin  and  French  descriptions  of  both.   He  noted  the  unexpected  occur- 
rence of  pines  at  sea  level  in  the  tropics  and  gave  appropriate  geo- 
graphic specific  names.   Oddly  enough^  the  generic  name  Pinus  was  not 
published  anywhere  in  the  4-page  French  article  but  was  abbreviated  to 
"p."  before  the  two  new  names.   However,  the  French  word  "pins"  ap- 
peared in  the  title,  the  locality  in  Latin  and  French-Spanish  as  "in- 
sula Pinorum"  and  "I'ile  de  Pinos"  and  the  Spanish  common  name  of  P. 
caribaea  as  "pino  bianco." 

If  Morelet  preserved  specimens  of  his  two  new  species,  the 
types  have  not  been  found  in  any  large  herbarium  or  cited  by  others.   How- 
ever, his  descriptions  of  the  only  two  species  of  pines  at  Isle  of  Pines 
are  clear.  As  the  island  was  named  from  the  forests  of  pines,  these  trees 
are  sufficiently  common  that  various  botanists  including  one  of  us  have 
collected  authentic  specimens  (topotypes)  of  both  species  at  the  type  lo- 
cality.  The  identity  of  the  name  P.  caribaea  with  a  pine  growing  at  Isle 
of  Pines  is  unquestioned. 

Pinus  caribaea  Morelet  is  important  because  as  the  oldest  name  it 
must  be  adopted.   Further,  if  the  species  is  divided,  that  name  must  be 
retained  for  Morelet's  pine,  that  is,  the  pine  growing  on  Isle  of  Pines 
(international  Code  of  Botanical  Nomenclature,  Art.  63.   1952). 

Because  of  the  rarity  of  Morelet's  publications  on  pines,  further 
notes  may  be  worthy  of  record.  Arthur  Morelet,  or  Chevalier  _^Pierre 
Marie/  Arthur  Morelet  (1809-I892),  of  France,  was  known  principally  as  a 
malacologist  but  also  collected  plants  and  published  a  few  papers  on  coni- 
fers.  Starting  late  in  l846,  he  made  a  voyage  to  Cuba,  Central  America, 
and  Yucatan,  and  explored  the  Maya  ruins  there  while  collecting  plant  and 
animal  specimens.   He  published  in  French  a  detailed  2-volume  account  of 
his  travels  (Morelet,  18^7),  with  a  map  showing  that  his  route  did  not 
include  the  United  States.   One-volume  translations  of  his  explorations 
in  Central  America  later  were  published  in  English  in  I87I  and  in  German 
in  1872.   Two  articles  by  him  in  18^4-9  and  I85I  contained  Latin  diagnoses 
of  150  new  species  of  mollusks  collected  on  that  trip.   A  brief  biographic 
note  in  the  valiiable  card  file  by  J.  H.  Barnhart  at  the  New  York  Botanical 
Garden  listed  five  short  biographic  references. 

August  H.  R.Grisebach  {iQGk,    p.  503 )  gave  the  name  Pinus  bahamensis 
Griseb.  to  cones  without  foliage  from  Bahama  Islands.   Another  name  by  the 
same  author,  P.  cubensis  Griseb.  (Amer.  Acad.  Arts  Sci.  Mem.,  new  ser.,  8: 
530.   1863)  was  originally  given  to  specimens  collected  by  Charles  Wright 
in  eastern  Cuba.   For  a  time  it  was  applied  indiscriminately  to  Cuban  pines 
(Engelmann,  I88O,  p.  I85)  and  also  to  slash  pine  of  southeastern  United 
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states^  as  reported  above.  Sargent  (189I-I902  j  H:  158-  l897)  included 
West  Indies  in  the  range  of  P.  heterophylla,  the  name  then  applied  to  slash 
pine. 

Rowlee  (1903)  in  his  field  study  of  the  pines  of  southern  Florida, 
Cuba,  and  Isle  of  Pines  in  I9OI  noted  differences  among  the  pines  referred 
to  P.  cubensis  Griseb.  As  already  mentioned,  he  regarded  the  pine  of 
southern  Florida  as  a  different  species,  P.  heterophylla.  At  Isle  of  Pines 
in  addition  to  P.  cubensis  he  distinguished  a  new  species,  P.  recurvata 
Rowlee  (1903,  p.  IO7 ) ,  named  from  the  recurved  scales  of  the  open  cones. 
He  noted  in  these  Antillean  tropical  pines  the  increase  in  density  and  rel- 
ative amount  of  summerwood  in  the  annual  ring,  with  increased  weight  per 
cubic  foot  and  greater  hardness  of  wood.   Later  authors  have  reduced  P. 
recurvata  to  synonymy  under  P. caribaea  Morelet,  the  older  name  not  known 
at  that  time. 

Shaw  visited  Isle  of  Pines  and  Cuba  in  I903  and  recorded  the  occur- 
rence of  P.  heterophylla  Sudw.  at  the  former  locality  and  raised  to  specific 
rank  a  variety  of  Grisebach  as  P.  terthrocarpa  (Wright)  Shaw  (in  Sarg., 
Trees  Shrubs  1:  lij-9,  pi.  75.   I903;  1:  213-   I905).   In  his  illustrated 
account  of  the  pines  of  Cuba  (Shaw  19Q^a)  he  adopted  P.  bahamensis  Griseb. 
for  the  former,  but  shortly  afterwards  his  attention  was  called  to  Morelet 's 
two  earlier  overlooked  names.  Accordingly  Shaw  (l9Q^b)  took  up  the  names 
now  in  use,  P.  caribaea  Morelet  instead  of  P.  bahamensis  and  P.  tropicalis 
Morelet  for  P.  terthrocarpa ♦ 

Coker  (1905,  p.  203,  Pl-  25,  fig.  2)  listed  the  pine  of  the  Bahama 
Islands  as  P.  bahamensis  Griseb.  but  noted  that  it  resembled  P.  taeda  and 
was  then  thought  to  be  identical  with  P.  elliottii  Engelm.  from  Florida. 

In  a  flora  of  Isle  of  Pines  based  upon  his  collections  in  October 
1916,  Jennings  (1917)  listed  both  P.  caribaea  and  P.  tropicalis. 

Britton  and  Millspaugh  (1920,  pp.  vi,  k6l)   recorded  a  single  species 
of  pine  in  Bahama  Islands,  P.  caribaea  Morelet  (P.  bahamensis  Griseb.).   It 
forms  extensive  forests  on  the  Great  Bahama,  Abaco,  Andros,  and  New  Provi- 
dence Islands  and  occurs  also  some  distance  southeastward  on  North  Caicos  and 
Pine  Cay  of  the  Caicos  Islands  but  is  absent  from  the  other  islands.  A  re- 
cent description  of  the  pine  forests  of  P.  caribaea  in  the  Bahamas  is  by 
Kellogg  (1951). 

Florin  (1933)^  studying  the  coniferous  specimens  collected  by  E.  L. 
Ekman  in  the  West  Indies,  accepted  P.  caribaea  Morelet  in  the  broad  sense 
as  a  species  of  West  Indies,  southeastern  United  States,  and  Central  Ameri- 
ca.  He  described  and  illustrated  the  leaf  anatomy  also. 

Roig  y  Mesa  (1928,  pp.  571-57ij.,  pl.  37;  19^5,  pp.  5I4.8-550)  published 
for  P.  caribaea  and  two  other  native  Cuban  pines  botanical  descriptions, 
distribution  data,  and  economic  notes.   The  common  names  "pino  macho"  in 
Cuba  and  "pino  amarillo"  in  Isle  of  Pines  were  listed  for  this  species,  and 
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southeastern  United  States  was  listed  in  the  range.   P.  caribaea  was  in- 
cluded by  Fors  (1937^  P-  85)  in  his  publication  on  Cuban  woods. 

The  most  recent  detailed  taxonomic  account  of  the  pines  of  Cuba 
is  by  J.  P.  Carabia  (l9^l) »   He  recognized  four  native  species  of  pines: 
P.  OGCidentalis  Swartz  and  P.  cubensis  Griseb.  in  mountains  of  eastern 
Cuba,  the  former  also  in  Dominican  Republic  and  Haiti;  and  P.  tropicalis 
Morelet  and  P.  caribaea  Morelet,  both  in  Pinar  del  Rio  in  western  Cuba  and 
in  Isle  of  Pines.   The  distribution  of  the  last  was  given  also  as  south- 
eastern United  States,  Bahamas,  Honduras,  and  Guatemala.   In  the  key,  P. 
caribaea  was  listed  as  having  3  needles,  rarely  k-,    in  a  fascicle.   Ledn 
(19^6,  pp.  7I-72)  in  his  Flora  de  Cuba  likewise  accepted  the  same  four 
species. 

The  pine  forests  of  Cuba  and  Isle  of  Pines  and  distribution  of 
pine  species  have  been  discussed  in  articles  on  the  vegetation  of  these 
islands  by  Marie-Victorin  and  Leon  (19^2-1944)  and  Seifriz  (19^3) .   The 
ranges  of  these  pines  in  Cuba  vere  mapped  also  by  Marie-Victorin  and 
Leon  (19J+2,  p.  81,  fig.  kl) . 


CARIBBEAN  PINE  IN  CENTRAL  AMERICA 


Forests  of  Pinus  caribaea,  Caribbean  pine,  along  the  Atlantic 
slope  in  Central  America  have  been  described  and  photographed  by  botanists 
and  foresters  in  various  publications,  several  of  which  may  be  cited  here. 
Identification  of  the  species  as  the  same  as  P.  caribaea  of  the  West  Indies 
has  been  almost  unanimous  by  recent  authors.   Under  the  name  Cuban  pine. 
Record  and  Hess  (19^3,  p.  I8,  map  3),  among  others,  mapped  the  range  of  P. 
caribaea  in  the  broad  sense  in  southeastern  United  States,  West  Indies, 
and  Central  America,  showing  the  occurrence  in  Mexico,  British  Honduras, 
Guatemala,  Honduras,  and  Nicaragua. 

Pinus  hondurensis  Seneclauze  (Conif.  126.   I867),  an  obscure,  un- 
indexed  name  hitherto  overlooked,  may  be  the  first  scientific  name  given 
to  this  pine  in  Central  America.   In  I867  Adrien  Seneclauze,  a  French 
horticulturist,  published  this  name  in  a  book  on  the  cultivated  conifers 
in  his  horticultural  establishment.   P.  hondurensis  was  a  pine  grown  in 
France  from  seed  received  from  Honduras  in  185^.   We  are  indebted  to  I.  M- 
Johnston  and  Albert  G.  Johnson,  of  Harvard  University,  for ^bringing  this 
old  name  to  our  attention  and  for  furnishing  a  copy  of  Seneclauze 's  des- 
cription in  French,  which  we  quote; 

"Pinus  Hondurensis  C.  S. 

"Pin  de  Honduras  ^ 

"Feuilles  reunies  par  3,  k,    q.uelq.uefois  meme  par  5,  6,  dans  la 
meme  gaine,  tenues,  triquetres,  lisses,  d'un  beau  vert  tendu  luisant, 
tres-inegales,  souvent  tortuenses,  longues  de  12-22  centimetres.   Gaines 
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membraneuses^  brun  clair,  lisses  et  luisantes.   Longues  de^ 10-20  millime- 
tres.  Coussinets  peu  saillants,  longuement  decurrents.  ^ Ecorce  d'un 
bronze  clair,  brillant,  profondement  sillonnee  par  la  decurrence  de 
coussinets. 

"Belle  espece_,  rustique.   Recue  en  185^." 

This  description  of  pines  growing  in  a  commercial  establishment 
agrees  fairly  well  with  P.  caribaea  but  lacks  the  important  details  of 
cones  for  positive  identification.   Probably  the  trees  had  not  yet  borne 
cones.   It  is  doubtful  if  specimens  are  available.  Record  (1927,  p.  33) 
and  Standley  ( 1930a,  pp.  25-26)  listed  only  three  species  of  Pinus  from 
Honduras,  P.  caribaea,  P.  oocarpa  Schiede,  and  P.  pseudostrobus  Lindl. 
Paul  J,  Shank  has  informed  us  by  letter  that  P.  ayacahuite  Ehrenb.,  a 
5-needle  soft  pine,  also  occurs  in  mountains  of  that  country,   P.  cari- 
baea is  common  at  lower  elevations  down  to  sea  level  and  would  be  the 
species  most  likely  collected  first. 

In  the  first  comprehensive  flora  of  Central  America  by  Hemsley 
(1879-1888);  3:  186-189.   1882-1886),  no  pine  corresponding  to  P.  caribaea 
or  from  the  Atlantic  Coast  of  Central  America  was  mentioned.   Sargent 
(1891-1902;  11:  158.   1897)  adopting  the  name  P.  heterophylla  for  a 
species  of  southeastern  United  States,  mentioned  highlands  of  Central 
America  in  the  range.   Probably  present  usage  of  P.  caribaea  follows  the 
generic  monograph  by  Shaw  (191A,  p.  72),  who  recorded  this  species  from 
Honduras  and  Guatemala. 

Standley  ( 1930a,  p.  I98)  in  his  flora  of  the  Yucatan  Peninsula  in 
Mexico  mentioned  that  no  pines  from  that  region  were  available  but  that 
pines  presumably  of  P.  caribaea,  which  is  common  in  nearby  regions,  were 
reported  from  near  the  border  of  British  Honduras.  Many  plant  species 
of  British  Honduras  have  not  yet  been  collected  in  the  adjacent  but 
poorly  known  Mexican  territory  of  Quintana  Roo.   P.  caribaea  was  not  in- 
cluded in  the  monograph  of  the  pines  of  Mexico  by  Martinez  (19^5^  19^8) . 
In  a  letter  he  informed  us  that  it  may  be  expected  in  Quintana  Roo  but 
that  he  had  seen  no  specimen  from  there. 

The  pine  forests  of  British  Honduras  were  described  by  Soandley 
and  Record  (1936,  pp.  20,  33;  ^5^  67,  illus.),  who  regarded  the  common 
pine,  P.  caribaea,  as  the  same  as  slash  pine  of  southern  Florida.   Lun- 
dell  (I9li0,  p.  36,  pi.  2-k,    1945,  pp.  270-272,  map)  has  published  addi- 
tional data  on  these  pine  lands,  including  a  vegetation  map.   Tests  of 
properties  of  the  wood  of  P.  caribaea,  with  the  trade  name  British  Hon- 
duras pitch  pine,  by  Richard  Gordon  Bateson,  were  reported  in  a  forest 
products  research  publication  of  Great  Britain,  Department  of  Scientific 
and  Industrial  Research  (1937) • 

Standley  (19^1,  p.  3)  noted  that  P.  caribaea,  as  Cuban  pine  in 
Guatemala,  was  confined  to  the  Atlantic  Coast  area  in  the  eastern  part, 
chiefly  in  the  Department  of  Izabal.   In  their  report  on  the  forests  of 
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Gxiatemala^  Holdridge;  Lamb^  and  Mason  (19^0^  pp.  l6,  27,  map)  recorded 
P.  carlbaea,  pino_,  from  the  subtropical  moist  forest  at  low  elevations 
in  northern  and  eastern  parts  of  the  country,  including  the  southeastern 
part  of  Pet en. 

In  Honduras,  Record  (1927,  p.  33)  and  StandJiey  ( 1930b,  p.  25) 
listed  P.  caribaea,  with  the  common  names  "ocote,"  "pino  ocote,"  and 
"pinavete,"  as  one  of  three  native  species  of  pines. 

Fahnestock  and  Garratt  (1938)  recorded  the  distribution  of  P. 
caribaea,  as  Nicaraguan  pine,  in  Nicaragua  in  the  northeastern  part 
chiefly  from  Rio  Prinzapolca  south  to  Rio  Grande,  the  southern  limit  of 
commercial  range  of  the  species.   They  also  made  tests  of  the  properties 
of  the  wood.  More  recently  the  pine  forests  of  P.  caribaea  in  Nicaragua 
have  been  described  further  and  mapped  by  the  Food  and  Agriculture  Or- 
ganization mission  to  Nicaragua  (Food  and  Agriculture  Organization,  1950, 
pp.  ^8-52,  map). 

Recently  Loock  (19^9^  PP-  6I-62,  fj.g.  2)  considered  the  British 
Honduran  pine  as  altogether  different  from  P.  caribaea  of  the  United 
States  and  renamed  the  former  P.  hondurensis  Loock  (1951,  P*  210_,  pi.  on 
p.^  209).   This  new  name,  which  is  identical  with  the  much  older  name  by 
Seneclauze,  is  discussed  below  under  P.  caribaea.   Loock  listed  differ- 
ences in  seedlings,  leaves,  needle  anatomy,  cones,  and  seeds  and  reported 
that  in  plantations  in  Natal,  South  Africa,  pines  from  British  Honduras 
seed  grew  about  one  and  a  half  times  as  fast  as  pines  from  seed  from 
Georgia.   The  scientific  name  P.  caribaea  has  been  applied  to  pines  cul- 
tivated in  Australia,  as  well  as  to  plantations  in  South  Africa  from,  seed 
collected  in  southeastern  United  States,  Cuba,  and  British  Honduras. 
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OUR  INVESTIGATIONS  OF  PINUS  CARIBAEA  AND  P.  ELLIOTTII 


Our  studies  of  these  pines  have  included  field  observations  and 
collection  of  specimens,  examination  of  herbarium  specimens  and  fresh 
material,  and  a  check  of  the  nomenclature.   In  January  1951  ^e  made  an 
extended  field  trip  over  the  range  of  slash  pine  in  southeastern  United 
States,  collecting  specimens  in  South  Carolina,  Georgia,  Florida,  Ala- 
bama, and  Mississippi,  all  the  States  where  this  pine  is  native  except 
Louisiana.   That  was  the  best  time  of  year  to  obtain  male  and  female 
strobili  at  pollination,  year-old  cones,  and  opened  mature  cones.  We 
traveled  through  Florida  along  the  western  part  from  Pensacola  eastward, 
down  the  west  coast,  to  Key  West,  and  north  along  the  east  coast  in 
studying  the  variations  of  slash  pine,  particularly  South  Florida  slash 
pine.   The  senior  author  made  a  brief  side  trip  to  Isle  of  Pines  to  study 
Pinus  caribaea  Morelet  at  the  type  locality  and  to  collect  authentic 
specimens. 

At  the  Harrison  Experimental  Forest,  near  Gulfport,  Miss.,  we 
examined  the  experimental  plantings  of  yoiing  pines  from  Mississippi, 
northern  Florida,  south  Florida,  Cuba,  and  British  Honduras,  made  by  the 
Division  of  Forest  Pathology,  U.  S.  Department  of  Agriculture.   Near  La 
Belle,  Fla.,  we  studied  extensive  forests  of  South  Florida  slash  pine  of 
the  Atlantic  Land  and  Improvement  Company  in  Hendry  and  Collier  Counties. 

In  September  1952  we  revisited  southern  Florida,  making  additional 
observations.   The  senior  author  has  examined  the  herbarium  specimens  of 
Pinus  caribaea  and  P.  elliottii  in  herbaria  of  the  United  States  National 
Musexim  (U.  S.  National  Herbarium,  in  the  lists  of  specimens  abbreviated 
to  us)  and  New  York  Botanical  Garden  (NY),  and  material  of  P.  caribaea 
from  West  Indies  and  Central  America  kindly  lent  by  the  Chicago  Natural 
History  Museiim  (f).   We  also  studied  the  material  in  the  University  of 
Florida  herbarium.   In  addition  to  our  own  collections,  personnel  of  the 
U.  S.  Forest  Service  has  furnished  fresh  material.   These  specimens  have 
been  deposited  in  the  Forest  Service  Herbarium  (USFS)  at  Washington,  D.  C. 

The  results  of  our  investigations  are  presented  in  the  formal 
taxonomic  treatment  which  follows.   Among  the  hard  pines  with  shiny  brown 
cones  generally  classified  as  Pinus  caribaea  Morelet,  three  different 
geographically  separated  populations  or  taxonomic  entities  (taxa)  merit 
distinct  botanical  names.   The  available  scientific  names  here  accepted 
for  these  three  groups  have  been  reviewed  under  history  of  nomenclature. 
In  the  subsequent  discussion  the  more  important  characters  upon  which  the 
classification  is  based  are  further  described. 
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TAXONOMIC  TREATMENT 


Pinus  carlbaea  and  P.  elllottil  are  closely  related  species,  be- 
longing to  subgenus  Diploxylon,  the  hard  pines,  and  to  Section  Australes, 
which  is  typified  by  Pinus  palustris  Mill.  (P.  australis  Michx.  f.)^  long- 
leaf  pine.   The  species  in  this  section  are  found  in  southeastern  United 
States,  West  Indies,  Mexico,  and  Central  America,  though  specialists  have 
not  agreed  upon  the  exact  limits  of  the  section  or  upon  all  the  species 
to  be  placed  in  it. 

Under  the  widely  followed  classification  of  the  genus  Pinus  by 
Shaw  (191^)^  the  group  Australes  contains  besides  P.  occidentalis  Swartz 
from  West  Indies,  P.  ponderosa  Laws,  from  western  Worth  America,  and  other 
species  from  Mexico  and  Central  America,  and  the  following  related  species 
in  southeastern  United  States:  P.  palustris  Mill,  (longleaf  pine),  P. 
caribaea  Morelet  (including  P.  elliottii,  slasix  pine),  P.  taeda  L.  "("lo^" 
lolly  pine),  P.  echinata  Mill.  ( shortleaf  pine),  and  P.  glabra  Walt,  (spruce 
pine) . 

Pilger  (1926)  in  a  slightly  different,  later  classification  of  the 
genus  Pinus  retained  in  Section  Australes  6  species,  P.  palustris,  P.  cari- 
baea (including  P.  elliottii) ,  P.  occidentalis  Swartz  of  the  West  Indies, 
P.  oocarpa  Schiede  of  Mexico  and  Central  America,  and  two  other  Mexican 
species. 

The  related  native  species  may  be  readily  distinguished  by  reference 
to  botanical  manuals  and  tree  handbooks.   De  Vail  (19^0^  19^^)  has  enumera- 
ted the  differences  between  slash  pine  and  longleaf  pine.   P.  caribaea  and 
P.  elliottii  are  separated  from  other  related  pines  partly  by  their  shiny 
light  brown  cones.   The  mature  unopened  cones  with  the  shiny  exposed, 
thickened  ends  (apophyses)  of  the  cone  scales  appear  as  if  varnished. 

The  key  which  follows  mentions  the  more  obvious  differences  between 
P.  caribaea  and  P.  elliottii  and  varieties.  Additional  distinguishing 
characteristics  are  given  in  the  formal  botanical  descriptions  and  in 
table  1. 

Key  to  Pinus  caribaea  and  P.  elliottii  and  varieties: 

A.   Needles  in  fascicles  of  3  (sometiiaes  i^-  or  5  on  young  trees); 
cones  usually  small  (5-10  cm.  long),  with  small  weak  prickles 
less  than  1  mm.  long;  seeds  narrowly  ovoid,  about  twice  as 
long  as  broad,  averaging  less  than  6  mm.  long,  wings  usually 
remaining  attached- -Pinus  caribaea  Morelet,  Caribbean  pine. 

AA.   Needles  in  fascicles  of  2  and  3;  cones  usually  larger  (7-1^ 
cm.  long),  with  stout  prickles  1-2  mm.  long;  seeds  ovoid, 
less  than  twice  as  long  as  broad,  averaging  7  mm.  long. 
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■wings  becoming  detached- -Pinus  elliottii  EngelLm. ,  slash  pine. — B 

B.  Needles  in  fascicles  of  2  and  3;  seedling  normal  with 
erect,  slender,  pencillike  stem — Pinus  elliottii  var. 
elliottii,  slash  pine  (typical). 

BB.   Needles  in  fascicles  of  2  ( inf req_uently  3);  seedling  with 
grasslike,  almost  stemless  stage  with  very  short  stem, 
many  crowded  needles,  and  thick  taproot --Pinus  elliottii 
var.  densa  Little  &  Dorman,  South  Florida  slash  pine. 


PINUS  CARIBAEA  Morelet  Caribbean  pine 

Pinus  caribaea  Morelet,  Rev.  Hort.  Cote  d'Or  1:  IO5.   I85I  (not  seen). 
Morelet,  Soc .  Hist.  Nat.  Dept.  Moselle  Bui.  7:  100.   l855-   More- 
let  ex  Shaw,  Card.  Chron.,  Ser.  3^  36:  98-   190^- 

Pinus  bahamensis  Griseb.,  Fl.  Brit.  West  Ind.  Is.  503«   l864. 

Pinus  hondurensis  Seneclauze,  Conif .  126.   I867. 

Pinus  recurvata  Rowlee,  Torrey  Bot.  Club  Bui.  3O:  IO7.   1903 • 

Pinus  hondurensis  Loock,  So.  Africa  Forestry  Assn.  Jour.  I8:  fig.  2 
opposite  p,  60.   19^9;  nomen  nudum. 

Pinus  hondurensis  Loock,  Union  So.  Africa  Dept.  Forestry  Bui.  35: 
210,  pi.  on  p.  209.   1951. 

Medium-sized  to  large  tree  about  15-30  m.  (5O-IOO  ft.)  tall  and 
3O-IOO  cm.  (l2-40  in. )  in  trunk  diameter,  multinodal,  with  broad,  rounded  or 
irregular  crown  of  irregular  ascending  branches.   Bark  on  small  trees  thick, 
rough,  furrowed,  gray,  on  large  trees  becoming  fissured  into  large,  flattened 
sqiiarish  plates,  reddish  brown  and  separating  off  in  thin  layers. 

Buds  composed  of  many  linear  acuminate,  white-ciliate,  reddish  brown 
scales;  old  scales  on  twig  becoming  recurved,  gray,  and  broken.   Leafy  twigs 
5-12  ram.  in  diameter,  orange  brown  when  young,  becoming  brown  to  gray  brown, 
rough  and  scaly.   Leaves  needlelike,  crowded  and  spreading  at  ends  of  twigs 
and  remaining  attached  about  2  years,  in  fascicles  of  3  (sometimes  4  or  5  on 
young  trees,  very  rarely  2),  mostly  15-25  cm.  long,  I.5  cm.  or  less  broad, 
rigid,  serriilate,  dark  or  yellowish  green,  slightly  shiny,  with  stomata  in 
whitish  lines  on  all  surfaces;  resin  ducts  2-8,  internal  or  rarely^l  medial; 
hypoderm  biform,  thick,  of  3  to  5  layers  of  cells;  sheaths  10-12  mm.  long, 
light  brown,  becoming  brown  to  blackish,  persistent  (fig.  2). 

Strobili  appearing  before  the  new  leaves,  in  January  or  February, 
when  pollination  occurs.   Male  strobili  many,  sessile  in  short,  crowded 
clusters  near  ends  of  twigs  mostly  in  lower  part  of  crown,  cylindrical, 
2O-32  mm.  long,  5  i™^-  broad,  with  12-18  ovate,  scarious  margined,  reddish 
brown  bracts  at  base.   Female  strobili  mostly  in  upper  part  of  crown,  ap- 
pearing near  apex  of  elongating  twigs  but  becoming  lateral,  2-k   (I-8)  in  a 
whorl  and  1-3  whorls  formed  in  a  year.   Year-old  cones  (conelets)  erect  to 
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Fig.  2. --Caribbean  pine  (Pinus  caribaea  Mor. )  from  Isle  of  Pines.  At  the  top,  twig  with 

three  whorls  of  year-old  cones  and  female  cones  at  pollination.  Below,  twig  with 
male  cones  at  pollination. 
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reflexed  on  scaly  stalks  1-1.5  cm.  long,  ellipsoidal,  1.5-2  cm.  long  and 
1  cm.  "broad,  the  shiny  tan  scales  with  a  minute  prickle. 

Mature  cones  (fig-  3)  usually  reflexed,  symmetrical,  5-10  (i|-12) 
cm.  long,  when  closed  conical,  more  than  twice  as  long  as  broad,  and  2.5- 
3-5  cni'  in  diameter,  when  open  cylindrical  to  ovoid  and  3*5-6  cm.  in 
diameter,  usually  deciduous  (in  some  areas  persistent  a  year  or  more). 
Cone  scales  reflexed  or  wide  spreading,  thin,  flat,  dark  chocolate  brown 
on  inner  surfaces;  apophysis  with  a  transverse  ridge,  tan  and  shiny;  um- 
bo small,  slightly  raised,  gray,  ending  in  an  inconspicuous  small  straight 
weak  prickle  less  than  1  mm.  long. 

Seeds  narrowly  ovoid,  about  twice  as  long  as  broad,  pointed  at 
both  ends,  3-angled;  averaging  less  than  6  mm.  long,  3  mh*  wide,  and  2  mm. 
thick;  usually  light  colored,  mottled  gray  or  light  brown;  with  a  mem- 
branous brown  wing  less  than  20  mm.  long,  usually  remaining  attached. 

Seedling  normal,  with  erect,  slender,  pencillike  stem.  Cotyledons 
usually  6  or  7  (^-9)« 

Wood  hard  and  heavy,  with  annual  rings,  formed  in  a  frostless 
tropical  climate  with  dry  winter  season,  and  with  broad  summerwood. 

There  is  a  small  cone  race  at  Pine  Cay,  Caicos  Islands,  in  south- 
eastern Bahamas,  some  distance  from  the  large  islands  to  the  northwest 
having  pines.   The  cones  on  specimens  from  Pine  Cay  are  only  ^4— 6.5  cm. 
long.   However,  specimens  with  large  cones  8-9  cm.  long  have  been  col- 
lected on  North  Caicos,  also  in  the  Caicos  group. 

As  previously  mentioned,  Loock  (1951^  P*  210,  pi.  on  p.  209)  has 
proposed  the  new  species  P.  hondurensis  Loock  for  the  segregate  pine  of 
British  Honduras  and  Guatemala  and  probably  also  Cuba  identified  as  P. 
caribaea,  because  it  differed  from  a  pine  of  the  latter  name  from  Georgia 
and  Florida  in  southeastern  United  States.   Though  we  have  not  had  the 
opportunity  of  inspecting  the  Central  American  pine  in  the  field,  many 
herbariiom  specimens  including  topotypes  of  P.  hondurensis  Loock  from 
Stann  Creek,  British  Honduras,  as  well  as  published  descriptions  and 
photographs  by  Loock  and  others,  have  been  available  for  study.   We  con- 
cwc   that  the  Central  American  pine  is  specifically  different  from  slash 
pine  of  southeastern  United  States  but  are  unable  to  separate  the  former 
botanically  from  the  West  Indian  pine,  P.  caribaea.   Thus,  P.  hondurensis 
Loock  is  a  synonym  of  P.  caribaea  as  well  as  a  homonym  and  perhaps  also 
synonym  of  P.  hondurensis  S^neclauze  and  cannot  be  maintained.   It  is 
the  pine  of  southeastern  United  States  instead,  which  req_uires  a  change 
in  name  to  P.  elliottii  Engelm.  \inder  the  International  Code  of  Botanical 
nomenclature. 

Since  many  tropical  plant  species  are  common  to  Central  America 
and  Cuba,  the  occurrence  of  a  tropical  species  of  pine  in  both  not  too 
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distant  regions  is  not  unexpected.  However,  future  studies  in  plantations 
may  reveal  minor  differences  in  growth  and  the  existence  of  different  races. 
Loock  has  noted  the  reported  occurrence  of  races  in  British  Honduras.  Our 
studies  indicate  that  seedlings  from  British  Honduras  are  tall  and  slender 
with  many  juvenile  leaves  and  that  the  number  of  resin  ducts  in  the  needles 
(table  2)  is  commonly  slightly  lower  in  British  Honduras  (2-5)  than  in  the 
West  Indies  (3-8). 

Though  it  was  discovered  at  Isle  of  Pines,  this  pine  is  uncommon 
there  and  appears  to  be  decreasing  in  numbers.   The  common  pine  for  which 
the  island  was  named  is  P.  tropicalis  Morelet,  tropical  pine,  also  described 
from  there.   Photographs  taken  at  Isle  of  Pines  show  differences  in  seed- 
lings, saplings,  and  trees  of  both  species  (figs,  h,    5)'   Pinus  tropicalis 
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Fig.  14-. — At  the  left,  Caribbean  pine  at  Isle  of  Pines,  the  type  locality,  showing  saplings 
and  trees  with  branches  not  in  whorls.  At  the  right,  larger  tree  of  Caribbean 
pine  35  feet  high  and  8  inches  d.b.h.  at  Isle  of  Pines.  At  left  foreground  are 
two  saplings  of  tropical  pine. 
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Fig.  5- --At  the  left,  tropical  pine  (Pinus  tropical is)  at  Isle  of  Pines,  the  type  locality, 
showing  an  unbranched  sapling  and  trees  with  whorled  branches.   At  the  right,  trees 
of  tropical  pine  at  Isle  of  Pines,  distinguished  by  their  whorled  branches. 


is  readily  distinguished  by  its  grasslike  seedling  stage^  needles  in  2 ' s 
and  often  longer,  and  smaller  cones  without  prickles.   A  uninodal  pine,  it 
forms  one  whorl  of  branches  a  year  and  is  recognized  by  the  regular,  whorled 
branching.   Occasional  saplings  have  few  branches  or  are  unbranched  (fig.  5)« 

Range--West  Indies  and  Central  America.   Bahama  Islands  (six  or 
more,  namely.  Grand  or  Great  Bahama  Is.,  Great  Abaco  Is.,  New  Providence 
Is.,  and  Andros  Is.  at  northwestern  end;  North  Caicos  Is.  and  Pine  Cay  in 
Caicos  Is.  at  southeastern  end;  absent  from  most  of  Bahama  Is.).   Western 
Cuba,  in  province  of  Pinar  del  Rio.   Isle  of  Pines.  Atlantic  slope  of 
Central  America  in  British  Honduras,  eastern  Guatemala,  northern  Honduras, 
and  northeastern  Nicaragua.   Perhaps  also  in  southeastern  Quintana  Roo, 
Mexico. 
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Representative  specimens  of  P.  caribaea  Morelet  examined: 

BAHAMA.  IS.   Great  Bahama  Is.;,  Eight  Mile  Rocks,  N.  L.  Britton  and 
C.  F.  Millspaugh  2^69  (US,  NY).   Great  Abaco  Is.,  Marsh  Harbor,  L.  J.  K. 
Brace  I634  (NY).   New  Providence  Is.,  3i  mi-  S.  of  Nassau,  A.  E.  Wight  7^ 
(NY,  F).   Andros  Is.,  Nicholl's  town,  L.  J.  K.  Brace  689^  (NY,  F--2  sheets 
with  pencillike  seedlings);  near  Lisbon  Creek,  Mangrove  Cay,  J.  K.  Small 
and  J.  J.  Carter  .8^97  (US,  NY,  F).   Caicos  Is.,  North  Caicos,  Bellemont, 
C.  F.  Millspaugh  and  C  M.  Millspaugh  9187  (NY,  F);  Pine  Cay,  P.  Wilson 

769^  (NY,  jy. 

CUBA.   Pinar  del  Rio,  Guane  to  Mantaioa,  J.  A.  Shafer  11209  (US, 
NY,  F);  Los  Palacios  to  Herradura,  J.  A.  Shafer  II697  (US,  NY);  San  Diego 
de  los  Banos,  N.  L.  Britton,  F.  S.  Earle,  and  C.  S.  Gager  6766  (US,  NY): 
Pan  de  Cajalbana,  Bros.  Leon  and  Charles ^93 3  (NY);  Vinales,  E.  P.  Killip 
13^^9  (US). 

ISLE  OF  PINES  (CU"BA).   (Type  locality  of  P.  caribaea  Morelet.) 
S.  W.  of  Vivijagua,  0.  E.  Jennings  82  (NY);  15  mi.  W.  S.  W.  of  Nueva  Gerona, 
E.  L.  Little,  Jr.,  14047  (US,  USFS). 

MEXICO.   Quintana  Roo.  Reported  but  apparently  not  yet  collected. 
No  specimens  at  US,  NY,  F. 

BRITISH  HONDURAS.   Stann  Creek  District  (type  locality  of  P.  hon- 
durensis  Loock),  6  mi.,  Stann  Creek  Ry.,  W.  A.  Schipp  386  (NY,  F).   Belize 
District,  Belize,  H.  C.  Kluge  in  May  1920  (US,  NY).   Honey  Camp,  C.  L.  Lun- 
dell  677  (us,  F).   El  Cayo  District,  Mountain  Pine  Ridge,  H.  H.  Bartlett 
11934  (US,  NY).  Maskall  Pine  Ridge,  P.  H.  Gentle  II30  (NY,  F). 

GUATEMALA.   District  of  Peten,  La  Libertad,  C.  L.  Lundell  2846 
(us,  F).   Dept.  Alta  Verapax,  Secaquim,  W.  R.  Maxon  and  R.  Hay  3141  (NY). 
Dept.  Izabal,  near  Cristina,  J.  A.  Steyermark  384l6  (US,  F). 

HONDURAS.   Dept.  Yoro,  near  Coyoles,  T.  G.  Yuncker,  J.  M.  Koepper, 
and  K.  A.  Wagner  8l82  (US,  NY,  F).   Dept.  Cortes,  near  Agua  Azul,  L.  0. 
Williams  and  A.  Molina  R.  113^5  (F).   Dept.  Morazan,  Quebrada  de  Santa 
Clara,  near  Rio  Yeguare,  P.  C.  Standley  and  L.  0.  Williams  1288  (F).   San 
Pedro  Siila,  W.  N.  Bangham  317  (US,  F).   Near  Olanchito,  S.  J.  Record  and 
H.  Kuylen  in  Feb.  I927  (US)T" 

NICARAGUA.   Sisin,  on  Segovia  River  about  50  mi.  inland  from 
Cape  Gracias,  R.  G.  Robinson,  Oct.  1,  I943  (US). 
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PINUS  ELLIOTTII  Engelm.  slash  pine 

Plnus  elliottil  Engelm.^  Acad.  Sci.  St.  Louis  Trans,  k:    lQ6,   pi. 
1-3.   I88O;  also  reprinted  as  folio. 

Pinus  palustris  Mill.   (Gard.  Diet.  Ed.  8,  Pinus  No.  ik.      I768) 
was  adopted  by  Small  (1933^  PP-  ^-5)  and  a  few  other  authors  for  this 
species.   However,  that  name  generally  has  been  accepted  for  longleaf 
pine,  though  more  recently  rejected  by  others  as  indefinite,  and  appar- 
ently does  not  apply  to  slash  pine. 

This  species  honors  Stephen  Elliott,  South  Carolina  botanist, 
who  first  distinguished  slash  pine  as  a  botanical  variety  of  loblolly 
pine,  Pinus  taeda  var.  heterophylla  Ell.,  in  his  Sketch  of  the  Botany 
of  South-Carolina  and  Georgia  (1816-2^4-).   Though  no  type  specimen  was 
designated,  Engelmann's  original  description  was  based  largely  upon 
numerous  specimens  collected  by  J.  H.  Mellichamp  at  Bluffton,  S.  C, 
and  deposited  in  several  herbaria.   Rolla  M.  Tyron,  Jr.,  of  the 
Missouri  Botanical  Garden,  has  informed  us  that  the  herbarium  of  that 
institution  contains  39  sheets,  representing  various  stages  and  parts, 
collected  by  Mellichamp  between  I872  and  I88O  and  labeled  P.  elliottii 
by  Engelmann.   Identity  of  the  description,  plates,  and  specimens  with 
slash  pine  is  unq_uestioned.   The  generalized  specific  description  which 
follows  includes  both  varieties. 

Small  to  large  trees  about  8-3O  m.  (25-100  ft.)  tall  and  20-100 
cm.  (8-i^■0  in. )  in  trunk  diameter,  multinodal,  with  narrow  or  broad  crown. 
Bark  on  small  trees  thick,  rough,  furrowed,  gray;  on  large  trees  be- 
coming fissured  into  large,  flattened,  sq_uarish  plates,  orange  or  reddish 
brown  and  separating  off  along  thin  purplish  layers. 

Winter  buds  about  12  mm.  long  and  6  mm.  in  diameter,  composed  of 
many  linear  aciominate,  white-ciliate,  reddish  brown  scales,  elongating  in 
early  spring  to  form  scaly,  candlelike  twigs  almost  1  cm.  in  diameter; 
old  scales  on  twig  becoming  recurved,  gray,  and  broken.   Leafy  twigs 
stout,  10-12  mm.  in  diameter,  orange  brown  when  young,  becoming  brown  to 
gray  brown,  rough  and  scaly.   Leaves  needlelike,  crowded  and  spreading  at 
ends  of  twigs  and  remaining  attached  about  2  years,  in  fascicles  of  2  and 
3,  mostly  18-25  (30)  cm.  long,  I.5  mm.  broad,  rigid,  serrulate,  dark  green, 
slightly  shiny,  with  stomata  in  whitish  lines  on  all  surfaces;  resin  ducts 
2-9  (11),  internal  or  sometimes  1  or  2  (rarely  k)   medial;  hypoderm  biform, 
thin  to  thick,  of  2-k   layers  of  cells;  sheaths  12-15  mm.  long,  light  brown, 
becoming  gray,  persistent. 

Strobili  appearing  before  the  new  leaves,  in  January  or  February, 
when  pollination  occurs.   Male  strobili  many,  sessile  in  short,  crowded 
clusters  near  ends  of  twigs  mostly  in  lower  part  of  crown,  cylindrical, 
3-6  cm.  long,  5-7  mm.  broad,  dark  purple,  with  about  11  or  12  ovate,  scari- 
ous  margined,  reddish  brown  bracts  at  base.   Female  strobili  mostly  in 
upper  part  of  crown,  appearing  near  apex  of  elongating  twigs  but  becoming 
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lateral^  1-3  (sometimes  5  or  more)  in  a  whorl  and  1  or  sometimes  2  (rarely 
3)  whorls  formed  in  a  year.   At  pollination,  female  strobili  erect  on 
stout  brownish  scaly  stalks  15  mm.  long,  ellipsoidal,  11-13  mm.  long  and 
6  mm.  wide,  pinkish  to  pale  purple,  the  scales  with  minute  pale  green  points 
about  .5  mm.  long;  after  pollination  becoming  darker  and  reddish  piirple. 
Year-old  cones  (conelets)  erect,  spreading,  or  reflexed  on  scaly  stalks 
1-1.5  cm.  long,  ellipsoidal,  15-22  mm.  long  and  10-15  mm.  broad,  the  shiny 
tan  scales  with  raised,  pointed  umbo  and  with  a  stout  prickle. 

Mature  cones  spreading  or  reflexed,  symmetrical,  mostly  6-lk   cm. 
long,  when  closed  conical  to  narrowly  ovoid,  mostly  more  than  twice  as  long 
as  broad,  and  3-5  cm.  in  diameter,  when  open  ovoid  to  cylindrical  and  ^4— 10 
cm.  in  diameter,  deciduous.   Cone  scales  spreading  or  slightly  reflexed, 
thin,  flat,  dark  chocolate  brown  on  inner  surfaces;  apophysis  with  a  trans- 
verse ridge,  tan  to  brown,  shiny;  umbo  raised,  gray  or  tan,  ending  in  a 
stout  gray  prickle  1-2  mm.  long,  straight  or  slightly  incurved  or  recurved. 

Seeds  ovoid,  less  than  twice  as  long  as  broad,  pointed  at  lower 
end,  and  slightly  3-angled;  averaging  about  7  mm.  long,  k   mm.  wide,  and  3 
mm.  thick;  blackish  or  mottled  gray;  with  a  membranous  wing  15-30  (35)  mm. 
long,  light  to  dark  brown,  becoming  detached. 

Seedling  normal  or  in  a  variety  grasslike  and  almost  stemless. 
Cotyledons  usually  7  or  8  (5-10). 

Wood  heavy  to  very  heavy  and  hard. 

Range — Southeastern  United  States,  Coastal  Plain  from  southern 
South  Carolina  to  southern  Florida  and  eastern  Louisiana. 


PimjS  ELLIOTTIl  Engelm.  var.  ELLIQTTII  slash  pine  (typical) 

Pinus  taeda  L.  var.  heterophylla  Ell.,  Sketch  Bot.  S.-C   Ga.  2: 

Pinus  elliottii  Engelm.  ex  Vasey,  Cat.  Forest  Trees  U.  S.  30'   I876; 
U.  S.  Commr.  Agr.  Rpt.  I875:  I78.   I876;  nomen  nudum. 

Pinus  elliottii  Engelm.  ex  Sarg.,  Cat.  Forest  Trees  No.  Amer.  7^* 
1880 ;  nomen  nudum. 

Pinus  elliottii  Engelm.,  Acad.  Sci.  St.  Louis  Trans,  k:    I86,  pi. 
1-3 .   1880 ;  also  reprinted  as  folio. 

Pinus  heterophylla  (Ell.)  Sudw. ,  Torrey  Bot.  Club  Bui.  20:  45.  I893. 
Non  P.  heterophylla  K.  Koch,  Linnaea  22:  295.   18^9.   Non  P.  het- 
erophylla Presl,  Epim.  Bot.  236.   18^9. 

The  new  name  Pinus  elliottii  var.  elliottii  conforms  to  a  change 
in  the  International  Code  of  Botanical  Nomenclature  (Art.  35)  made  in  1950- 
When  a  new  variety  is  published,  the  original  element  of  a  species  automati- 
cally becomes  the  typical  variety  with  specific  epithet  repeated.   However, 
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in  ordinary  usage  "by  foresters  where  this  typical,  widespread,  more  northern 
variety  clearly  is  meant,  the  shorter  name  Pinus  elliottii  or  slash  pine 
should  suffice  as  heretofore. 

Large  tree  about  15-30  m.  (5O-IOO  ft.)  tall  and  6O-IOO  cm.  (2i|-i4-0  in.) 
in  trunk  diameter,  with  erect  straight  axis  and  narrow  pointed  crown.   Leaves 
in  fascicles  of  2  and  3;  resin  ducts  2-8  (9),  internal  or  sometimes  1  or  2 
medial;  hypoderm  biform,  thin,  of  2  (sometimes  3)  layers  of  cells  (fig.  6). 

Mature  cones  mostly  9-1^  cm.  long,  when  closed  mostly  conical, 
mostly  more  than  twice  as  long  as  broad,  and  (3)  ^-5  cm.  in  diameter,  when 
open  ovoid  and  (5)  6-10  cm.  in  diameter  (fig.  3)«   Cone  scales  spreading. 

Seedling  normal,  with  erect,  slender,  pencillike  stem. 

Wood  representative  of  southern  yellow  pines,  with  normal  propor- 
tions of  springwood  and  summerwood,  relatively  heavy. 

Snow,  Dorman,  and  Schopmeyer  (19^3)  have  photographed  the  early 
stages  of  female  strobili  of  typical  slash  pine.   Coker  and  Totten  (193^, 
p.  21)  illustrated  year-old  cones  of  P.  elliottii,  showing  erect,  spreading, 
and  reflexed  cone  stalks  all  from  the  same  tree.   The  degree  of  curvature  of 
the  stalks  possibly  may  depend  partly  upon  the  position  of  the  twig  in  re- 
lation to  gravity.   J.  H.  Mellichamp,  of  Bluffton,  S.  C,  found  two  trees 
which  produced  bisexual  strobili  and  distributed  specimens  with  this  abnor- 
mality.  At  the  upper  ends  of  some  male  strobili  were  female  strobili. 
Sargent  (189I-I902;  11:  k.      I897)  mentioned  these  bisexual  cones,  which  also 
have  been  observed  in  other  species. 

Range--Southeastern  United  States,  Coastal  Plain  in  southern  South 
Carolina  (from  Berkeley  County  southward),  southeastern  and  southern  Georgia, 
northern,  western,  and  central  Florida  south  to  Lake  Okeechobee,  southern 
Alabama,  southern  Mississippi,  and  southeastern  Louisiana  (west  to  Tangipahoa 
Parish) . 

Representative  specimens  of  Pinus  elliottii  Engelm.  var.  elliottii 
examined: 

SOUTH  CAROLINA.   Berkeley  Co.,  Francis  Marion  National  Forest,  8  mi. 
S.  of  Jamestown,  E.  L.  Little,  Jr.,  and  J.  W.  Wood  1^327  (US,  USFS).   Hampton 
Co.,  7  mi.  N.  of  Estill,  E.  L.  Little,  Jr.,  and  K.  W.  Dorman  1^0?^  (US,  USFS). 
Beaufort  Co.,  Bluffton,  J.  E.    Mellichamp  in  June  I87I,  I875,  I876,  I88I,  I893, 
and  1894  (the  last  one  with  bisexual  strobili;  all  at  US);  J.  H.  Mellichamp 
in  1872,  1873,  1876,  1878,  1879  (all  at  NY). 

GEORGIA.   Chatham  Co.,  near  Montgomery,  R.  M.  Harper  l822  (US). 
Emanuel  Co.,  near  Oak  Grove,  E.  J.  Palmer  38275  (US,  NY).   Long  Co.,  k   mi. 
NW  of  Ludowici,  E.  L.  Little,  Jr.,  and  K.  W.  Dorman  1^073  (US,  FS).   Coffee 
Co.,  near  Douglas,  R.  M.  Harper  2046  (US). 
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Fig. 


-Slash  pine  (Pinus  elliottii  var.  elliottii).  At  the  top,  twig  with  mature  cone, 
Alachua  CountTTTlorida.  Below,  twig  with  year-old  cones  and  immature  male 
cone,  Hampton  County,  South  Carolina. 
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ALABAMA.   Escambia  Co.,  l6  mi.  E.  of  BTe\rton,   E.  L.  Little,  Jr., 
and  K.  W.  Dorman  1^00^1  (US,  FS).   Mobile  Co.,  Mobile,  C.  Mohr,  Feb.  2,  188O 

Xusy:  

MISSISSIPPI.  Harrison  Co.,  Mississippi  City,  E.  L.  Little,  Jr.,  and 
K.  W.  Dorman  1^010  (US,  USFS).  ~"  ~~ 

LOUISIAM..   Washington  Parish,  W.  R.  Mattoon  in  May  I917  (NY).   St. 
Tammany  Parish,  W.  R.  Mattoon  in  May  I917  (NY).   Tangipahoa  Parish,  W.  R. 
Mattoon  in  May  I917  (EY). 

FLORIDA.   Duval  Co.,  Jacksonville,  A.  H.  Curtiss  26^1  (US).   Baker 
Co.,  Olustee,  A.  H.  Antonie  and  L.  G.  Elfer  8367  (N.  Y.  State  Coll.  Forestry 
Project  I,  distributed  with  wood  samples,  US).  Alachua  Co.,  Phifer,  10  mi. 
SE  of  Gainesville,  E.  L.  Little,  Jr.,  and  K.  W.  Dorman  1^063  (US,  USFS). 
Levy  Co.,  5  mi.  S.  of  Lebanon  Station,  E.  L.  Little,  Jr.,  and  K.  W.  Dorman 
l4021  (us,  FS).   Franklin  Co.,  St.  Vincent  Is.,  Biological  Survey,  Nov. 
13,  1911  (US). 


PINUS  ELLIOTTII  Engelm.  var.  DENSA   Little  and  Dorman   South  Florida  slash  pine 

Pinus  elliottii  Engelm.  var.  densa  Little  and  Dorman,  Jour.  Forestry 
50:921,  figs.  1,  2.   1952. 

A  varietate  typica  differt  statu  juvene  graminiforme  cum  caule 
perbreve,  foliis  mult is  densis,  hypocotyle  densissima,  et  radice  primario 
denso;  etiam  foliis  pleri;iinq_ue  2  in  fasciculo,  anatomia  foliorum  cum  hypo- 
dermide  densa  biforme  in  3-  vel  U-seriebus  cellularum,  et  ligno  ponderoso 
diiro  cum  parte  aestivale  densissima. 

Differs  from  the  typical  variety  in  its  grasslike  seedling  stage 
with  very  short  stem,  many  crowded  needles,  very  thick  hypocotyl,  and  thick 
tap  root;  also  in  its  leaves  mostly  2  in  a  fascicle,  in  its  needle  anatomy 
with  thick  biform  hypoderm  of  3  or  4  layers  of  cells,  and  in  its  very  heavy 
hardwood  with  very  thick  summerwood. 

The  specific  epithet  densa,  dense,  refers  to  the  dense,  very  heavy, 
hardwood  with  very  thick  suinmerwood;  also  to  the  grasslike  seedlings  with 
crowded  needles,  very  thick  h^-piocotyl,  and  thick  taproot,  and  to  the  thick 
hypoderm  of  the  needles. 

Medium-sized  or  small  (to  large  J  tree  8  to  26  m.  (25-85  ft.)  tall 
and  2O-5O  cm.  (8-20  in.)  in  trunk  diameter,  maximum  size  31  m.  (lOO  ft.) 
and  107  cm.  (^2  in.),  with  axis  often  forking  into  large  branches  and  with 
irregular,  flat-topped  and  spreading,  open  crown.   Leaves  in  fascicles  of 
2  (infrequently  3);  resin  ducts  3-9  (H),  internal  or  sometimes  1  or  2 
(rarely  3  or  k)   medial;  hypoderm  biform,  thick,  of  3  or  U  (2-5)  layers  of 
cells  (fig.  7). 
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Matiire  cones  mostly  (5)  7-12  cm.  long,  when  closed  conical  to 
narrowly  ovoid,  mostly  more  than  twice  as  long  as  broad,  and  (3)  3' 5-5  cm. 
in  diameter,  when  open  ovoid  to  cylindrical  and  {k)   6-8.5  cm.  in  diameter 
(fig.  3)'   Cone  scales  spreading  to  slightly  reflexed. 

Seedling  with  a  grasslike,  almost  stemless  stage  like  that  of  long- 
leaf  pine  (p.  palustris  Mill.)  for  about  2  to  6  years.   The  many  needles 
are  crowded  on  the  very  short  stem.   Below  is  a  very  thick  structure  with 
rather  thick  bark,  mostly  hypocotyl,  becoming  1.5-3  cm.  in  diameter  and 
3-^  cm.  long  and  tapering  into  the  thickened  tap  root. 

Wood  with  very  thick  summerwood,  very  heavy  and  hard.   Sapwood 
pale  light  brown  or  yellowish;  heartwood  reddish  brown. 

On  the  virgin  flatwoods  in  Hendry  and  Collier  counties,  Florida, 
average  height  of  matiore  trees  is  55  feet  with  a  range  of  usually  35  to 
85  feet  and  maximum  of  100  feet.  Average  age  is  80  years,  but  age  of 
mature  trees  exceeds  100  years.  Large  trees  growing  in  those  flatwoods 
often  have  a  pronounced  swelling  at  the  base  of  the  trunk  (fig.  8).  At 
Big  Pine  Key  mature  trees  on  the  exposed  limestone  outcrops  are  only  I5 
to  25  feet  tall  and  less  than  6  inches  in  trunk  diameter  (fig.  9) • 

Rapidly  growing  saplings  sometimes  are  \inbranched  and  lack  lateral 
branches  for  relatively  long  portions  of  their  height  and  have  longer, 
slightly  cxirving  and  drooping  needles  and  large  buds  with  whitish  scales. 
These  plants  resemble  longleaf  pines,  and  like  the  grasslike  seedlings, 
suggest  a  relationship. 

Cones  from  a  few  localities  in  southern  Florida  (Big  Pine  Key  in 
Monroe  County  and  places  in  Dade,  Broward,  and  Lee  counties)  are  smaller, 
(5)  6-8.5  cm.  long,  when  open  are  cylindrical  and  4-5  cm.  in  diameter, 
and  have  many  crowded,  slightly  reflexed  cone  scales  which  expose  their 
inner  surfaces  and  give  a  dark  chocolate  brown  color  and  cylindrical 
shape  to  the  opened  cone.   Though  these  small  cylindrical  open  cones  seem 
different,  no  morphological  differences  were  observed.   The  cylindrical 
shape  is  a  result  of  the  cone  scales  being  widely  opened  and  spreading 
downward.   Normally  cone  scales  toward  the  apex  of  a  cone  are  less  widely 
spreading  and  give  a  gradually  narrowed,  pointed  shape  to  the  opened  cone. 
Large  cones  of  this  variety  seldom  have  reflexed  cones  except  at  the  base 
(fig.  3). 

The  name  Pinus  caribaea  (sensu  Small)  was  applied  to  pines  of 
south  Florida  by  Small  (1913a,  1913^3^  1913g,  1913d.,  1933),  Harper  (191^), 
De  Vail  (1914-1,  191^5),  and  West  and  Arnold  (19^6). 

Range — Known  only  from  Florida;  southern  part  and  northward  along 
both  coasts  in  central  part.   Southern  Florida  from  Lower  Florida  Keys 
(Big  Pine  Key,  Little  Pine  Key,  No  Name  Key,  Cudjoe  Key,  Ramrod  Key,  Big 
Torch  Key,  Middle  Torch  Key,  and  Howe  Key;  not  on  other  Lower  Keys  or 
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Fig.  8. --On  the  left,  trunk  of  l8-inch 
South  Florida  slash  pine  showing  swol- 
len base  occurring  on  some  trees.  On 
the  right,  trunk  of  19-inch  slash  pine 
in  northern  Florida  showing  bark  of 
large  flat  plates  bordered  by  deep  gray 
furrows. 
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Fig.  9' — At  Big  Pine  Key,  31  miles  from  Key  West,  South  Florida  slash  pine  trees  are  short 
and  grow  very  slowly.  These  trees  are  growing  in  a  few  inches  of  soil  over  lime- 
stone rock. 


Upper  Keys)  north  to  Lake  Okeechobee,  northward  in  a  narrow  strip  along  Atlan- 
tic Coast  to  Volusia  County  and  northward  in  a  narrow  strip  along  Gulf  Coast 
to  Levy  County. 


Representative  specimens  of  Pinus  elliottii  Engelm. 
and  Dorman  examined: 


var.  densa  Little 


FLORIDA.   Volusia  Co.,  k   mi.  S.  of  New  Smyrna,  E.  L.  Little,  Jr.,  and 
K.  W.  Dorman  l4o62  (US,  USFS).   Brevard  Co.,  Cocoa,  A.  S.  Rhoads  b323  (N.  Y. 
State  Coll.  Forestry  Project  I,  distributed  with  wood  samples,  US) .   ^Martin 
Co.,  6  mi.  SE  of  Stuart,  E.  L.  Little,  Jr.,  and  K.  W.  Dorman  li|0^8  (US,  USFS). 
Broward  Co.,  Pompano,  E.  L.  Little,  Jr.,  and  K.  V.'.  Dorman  140^3  (US,  USFS). 
Dade  Co.,  Miami,  H.  N.  Moldenke  491  (US,  NY);  10  mi.  N. 


E.  L.  Little,  Jr.,  and  K.  W.  Dorman  1^42  (US,  USFS). 


of  Homestead, 
Monroe  Co. , 
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Little  Pine  Key,  J.  K.  Small,  J-  J.  Carter,  and  G.  K.  Small  3633  (NY): 
Big  Pine  Key,  E.  L.  Little,  Jr.,  and  K.  W.  Dorman  140^3  (US,  USFS). 
Collier  Co.,  1  mi.  N.  of  Corkscrew,  E.  L.  Little,  Jr.,  and  K.  W.  Dorman 
11^026  (us,  USFS).   Hendry  Co.,  20  mi.  SE.  of  La  Belle,  Sec.  k,   T.  45  S., 
R.  31  E.,  E.  L.  Little,  Jr.,  and  K.  M.  Dorman  l4033  (US--TYPE,  NY,  F,  USFS, 
Univ.  Fla.yi   Lee  Co.,  Ft.  Myers,  J.  P.  Standley  135  (US,  NY).   De  Soto 
Co.,  9  mi.  SE.  of  Arcadia,  E.  L.  Little,  Jr.,  and  K.  W.  Dorman  1^1025  (US, 
USFS).   Pasco  Co.,  9  mi.  SW.  of  Weekiwachee  Springs,  E.  L.  Little,  Jr., 
and  K.  W.  Dorman  1^4-02^  (US,  USFS). 

A  few  authors  have  indicated  the  range  of  South  Florida  slash 
pine  as  extending  northward  in  a  narrow  strip  along  the  coasts  to  Georgia 
and  Mississippi.   These  records  may  be  traced  back  to  the  early  maps  of 
pine  forests  of  Florida  by  Sargent  (l884)  and  Smith  (l884)  and  to  P.  cari- 
baea  as  used  by  Small  (l913a,  1933).   Harper  (l9jt3,  pp.  20^4-,  206)  regarded 
the  identification  of  the  commonest  pine  of  the  coast  strip  of  Alabama 
as  still  somewhat  problematical.   He  accepted  two  species  for  the  coast 
strip,  P.  caribaea  on  Dauphin  Island  and  in  a  narrow  belt  along  the  coast 
and  P.  elliottii  farther  inland. 

However,  we  have  no  records  of  South  Florida  slash  pine  from 
outside  of  Florida.   Our  collection  from  the  Gulf  shore  at  Mississippi 
City,  Miss.,  listed  above,  is  typical  slash  pine.  Another  specimen  also 
cited,  from  St.  Vincent  Is.,  Franklin  Co.,  Fla.,  off  the  Gulf  Coast  of 
western  Florida,  was  identified  by  needle  anatomy  as  the  northern  variety. 
Possibly  some  pines  in  exposed  sites  along  the  coast  may  have  an  irregular 
or  stunted  form  like  that  of  the  southern  variety.   It  would  be  desirable 
to  examine  seedlings  for  more  positive  identification. 

Over  most  of  its  range  in  south  Florida,  P.  elliottii  var.  densa 
is  the  only  native  pine  and  forms  pure  forests  or  is  scattered  in  grass- 
lands.  Northward  along  the  coasts  it  overlaps  with  P.  clausa  (Chapm. ) 
Vasey,  sand  pine,  which  extends  into  south  Florida  on  coastal  sand  dunes. 
In  the  interior  of  central  Florida  from  Lake  Okeechobee  northward,  it  is 
replaced  by  P.  palustris  and  P.  elliottii  var.  elliottii.   Thus,  P.  el- 
liottii var.  densa  is  the  southernmost  native  pine  and  only  subtropical 
pine  in  the  United  States. 

The  climate  within  the  range  of  P.  elliottii  var.  densa  is  sub- 
tropical (tropical  on  the  Lower  Florida  Keys ) .   Rainfall  is  about  kO   to 
60  inches  annually,  and  there  is  a  six  months  dry  winter  period.   The  al- 
titudinal  range  is  from  about  5  to  50  feet  or  more  above  sea  level. 
Nearly  all  of  southern  Florida  has  an  elevation  less  than  25  feet  above 
sea  level,  according  to  Davis  (19^3,  fig.  26). 

The  vegetation  of  these  pine  lands  of  south  Florida  has  been 
described  at  length  by  Harper  (1928)  and  Davis  (194-3).   The  latter  has 
also  mapped  the  pine  forests  in  detail.   Two  types  of  forests  of  P.  el- 
liottii  var.  densa  are  distinguished,  the  pine  flatwoods  and  the  rockland 
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pine  forests,  both  on  relatively  dry  sites.   The  former  is  widespread  on 
the  sandy  lowland  plains  or  flat  lands,  often  calcareous.   The  latter 
occurs  on  ridges  of  Miami  oolite  (limestone)  of  Pleistocene  age  south  and 
southwest  of  Miami  to  Homestead  and  "beyond  and  also  on  Big  Pine  Key  and 
adjacent  keys.   In  many  places  very  little  soil  is  present,  and  the  rough, 
jagged  "dogtooth"  limestone  weathered  by  solution  in  falling  rain  water 
without  frost  action  outcrops  at  the  surface. 

Statistical  information  on  the  forests  of  South  Florida  slash 
pine  is  contained  in  a  U.  S.  Forest  Service  forestry  survey  publication 
by  J.  F.  McCormack  ( 195£) •   This  report  covers  the  ten  southern  counties 
of  the  State,  from  Lake  Okeechobee  southward,  where  the  pines  are  South 
Florida  slash  pine  except  for  small  quantities  of  longleaf  pine  at  the 
northern  end  and  sand  pine  along  the  coasts.   The  commercial  forest  area 
of  the  pine  type  in  southern  Florida  in  19^9  "was  1,755^500  acres,  of 
which  four-fifths  was  poorly  stocked  or  unstocked  and  only  33^700  acres 
in  sawtimber  stands.   The  net  volume  of  sawtimber  in  pine  was  ^3^^300^000 
board  feet.   Owing  to  cutting  operations,  the  voliome  of  pine  sawtimber 
here  was  reduced  5^  percent  in  the  13-year  interval  between  forest  surveys 
in  1936  and  19^9*   These  virgin  stands  in  Collier,  Hendry,  Lee,  and  Char- 
lotte counties,  being  scattered  and  less  accessible,  were  among  the  last 
to  be  cut  over  in  the  State,  and  a  small  part  has  not  yet  been  cut.   This 
area  also  contains  commercially  important  forests  of  bald  cypress  (Taxt- 
odium  distichum  (L. )  Rich.). 

The  entire  area  occupied  by  this  newly  described  variety  of  pine 
is  very  young  geologically,  having  been  covered  by  ocean  waters  at  various 
times  as  late  as  interglacial  stages  of  the  Pleiostocene  epoch  (Cooke, 
1939,  19^;  Davis,  I9J+3,  pp.  58-75).   This  topic  is  further  discussed 
under  relationships  and  history  of  P.  elliottii  and  P.  caribaea. 

The  principal  differences  between  the  two  varieties  of  slash  pine, 
P.  elliottii,  are  summarized  in  table  1.   As  ranges  of  the  two  varieties 
are  distinct,  identification  can  be  made  readily  from  the  location  of  the 
specimen  or  wild  tree.   In  the  field,  the  seedlings,  whether  with  normal, 
pencillike  stems  or  with  a  grasslike,  almost  stemless  stage,  are  the  most 
reliable  characters.   Differences  in  shape  and  size  of  mature  trees  are 
usually  obvious.   Herbarium  specimens  can  be  identified  by  the  thickness 
of  hypoderm  of  needles,  as  shown  in  microscopic  examination  of  needle  cross 
section.   Some  specimens  of  South  Florida  slash  pine  are  readily  distin- 
guished by  the  small  cones  with  reflexed  cone  scales. 
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Table  1. --Principal  differences  between  the  two  varieties  of 
slash  pine,  Pinus  elliottii  Engelm. 


Item 


Slash  pine  (typical) 
P.  elliottii  var.  elliottii 


South  Florida  slash  pine 
P.  elliottii  var.  densa 


Seedling 


Leaves 


Needle 
anatomy 


Normal  with  erect,  slender, 
pencillike  stem. 


Needles  in  fascicles  of  2 
and  3« 

Hypoderm  biform,  thin  of 
2  (sometimes  3)  layers  of 
cells. 


Grasslike,  almost  stemless  stage 
like  that  of  P.  palustris,  with 
very  short  stem,  many  crowded 
needles,  very  thick  hypocotyl, 
and  thick  tap  root. 

Needles  in  fascicles  of  2  (infre- 
q.uently  3). 

Hypoderm  biform,  thick,  of  3  or  i^■ 
(sometimes  2  or  5)  layers  of  cells. 


Cones      Opened  cones  ovoid,  with 
spreading  cone  scales. 


Opened  cones  ovoid  to  cylindrical, 
with  spreading  to  slightly  reflexed 
cone  scales. 


Size 


Large  tree. 


Medium-sized  or  small  (to  large) 
tree. 


Shape  of   Erect  straight  axis  and 
tree      narrow  pointed  crown. 


Axis  often  forking  into  large 
branches  and  with  irregular,  flat- 
topped  and  spreading,  open  crown. 


Wood      Wood  relatively  heavy,  with   Wood  very  heavy  and  hard,  with  very 
normal  proportions  of  spring  thick  summerwood. 
and  summerwood. 


Oleoresin  Flows  readily  and  important 
commercially. 


Not  harvested  commercially  from 
living  trees. 


Range      Southeastern  United  States, 
Coastal  Plain  from  southern 
South  Carolina  to  central 
Florida  (Lake  Okeechobee) 
and  southeastern  Louisiana. 


Florida  only,  south  Florida  north 
to  Lake  Okeechobee  and  northward 
along  coasts  in  central  part  to 
Volusia  and  Levy  counties. 


Habitat  Moist  soil  of  swamps  and 
ponds,  but  also  on  drier 
sites. 


Dry  sites  on  sandy  flat  lands  and 
limestone  outcrops. 
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DISTRIBUTION  MAP 


The  ranges  of  Plnus  caribaea  and  the  two  varieties  of  Pinus  elli- 
ottii  are  summarized  in  the  distribution  map  (fig.  10).   This  map  has  been 
compiled  from  various  sources^  including  herbarium  specimens  and  published 
floras,  published  distribution  maps,  and  vegetation  maps  of  political  units 
previously  cited. 

Three  variations  are  distinguished  within  the  limits  formerly 
mapped  by  some  authors  as  a  single  species.   The  broad  limits  including 
West  Indies  and  Central  America  as  well  as  southeastern  United  States  were 
shown  as  P.  caribaea   in  maps  by  Record  and  Hess  (19^3^  niap  3  on  p.  l8_,  as 
Cuban  pine)  and  by  Harlow  and  Harrar  (1950,  pi.  ^,    fig.  2).   The  general 
limits  of  slash  pine  within  the  United  States  have  been  indicated  on 
several  published  distribution  maps  of  that  species. 


SEEDS 


Differences  in  seeds,  such  as  size,  are  among  the  more  obvious 
characters  distinguishing  the  two  species  P.  caribaea  and  P.  elliottii. 
Loock  (1951)  reported  that  seeds  of  P.  caribaea  sent  from  British  Honduras 
to  South  Africa  were  considerably  smaller  and  of  much  lighter  color  than 
seeds  received  from  the  United  States  under  the  same  name.   Seeds  from 
British  Honduxas  also  had  shorter  wings  which  usually  remained  attached. 
We  have  independently  observed  these  differences  in  seeds  when  examining 
samples  kindly  supplied  by  the  Government  foresters  of  Cuba  and  British 
Honduras.  As  the  seeds  of  the  two  species  are  so  dissimilar,  it  seems  odd 
that  these  pines  have  been  retained  together  under  the  same  name  so  long. 
However,  taxonomists  probably  had  no  occasion  to  examine  quantities  of  seeds 
for  planting  purposes. 

Seeds  of  P.  elliottii  are  larger,  averaging  about  7  n^*  long,  k   mm. 
wide,  and  3  nim.  thick;  broader,  less  than  twice  as  long  as  broad,  pointed 
at  lower  end,  ovoid  and  slightly  3-angled;  in  part  darker,  blackish  or 
mottled  gray;  usually  with  longer  wing  15  to  30  mm.  long,  which  becomes  de- 
tached.  In  contrast,  seeds  of  P.  caribaea  from  Cuba  and  British  Honduras 
are  smaller,  averaging  less  than  6  mm.  long,  3  ™i^-  wide,  and  2  mm.  thick; 
narrower,  about  twice  as  long  as  broad,  narrowly  ovoid,  pointed  at  both  ends, 
and  3-angled;  usually  light  colored,  mottled  gray  or  light  brown;  usually 
with  shorter  wing  less  than  20  mm.  long,  which  usually  remains  attached  un- 
less broken  off  in  seed  cleaning. 

Length  of  wing  probably  is  correlated  with  size  of  cone,  averaging 
shorter  in  seeds  from  south  Florida  than  in  samples  northward.   In  2  samples 
from  British  Honduras  the  wings  mostly  were  detached  or  detachable.   Seed 
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color  is  varialole,  as  some  seeds  from  British  Honduras  were  dark  gray  and 
blackish^  and  seeds  from  south  Florida  were  mottled  gray. 

Wakeley  (1951^  P-  501^  table  28)  has  given  for  slash  pine  (P^  elli- 
ottil  var.  elliottii)  figures  on  length  and  width  of  seeds,,  both  means  and 
range  of  samples  (not  smallest  or  largest  individual  seeds) ^  based  upon 
large  numbers  of  samples  used  in  planting.   Lengths  of  seeds  averaged  .28 
in.  with  range  of  .2k   to  -32  in.  (7  mm.  and  6-8  mm. )^  and  widths  averaged 
.18  in.  with  range  of  .l6  to  .22  in.  (^.6  mm.  and  ^.0-5.6  mm.).   In  con- 
trast Loock  (1951)  stated  that  the  seeds  from  British  Honduras  seldom  ex- 
ceeded 3/16  iru  {.19   in.  or  ^.8  mm.)  in  length.   These  differences  in  seed 
size  are  greater  than  in  our  approximate  measurements  of  a  few  samples. 

The  following  publication,  which  has  not  been  available,  indicates 
that  seeds  have  been  used  in  identification  of  pines:  Uyeki,  Homiki.  The 
seeds  of  the  genus  Pinus  as  an  aid  to  the  identification  of  species.  Sui- 
gen,  Korea,  Agr.  and  For.  Col.  Bui.  2.   1927* 


SEEDLINGS 


Slight  differences  in  average  cotyledon  numbers  of  seedlings  may 
occur  among  the  pines  studied.   Engelmann  (188O,  pp.  17^,  I86)  in  his  re- 
vision of  the  genus  Pinus  observed  variations  in  cotyledon  numbers  among 
the  different  species.   In  the  original  description  of  P.  elliottii  he 
listed  6-9  cotyledons,  usually  8.   Butts  and  Buchholz  (19^0)  recorded 
cotyledon  niombers  in  various  species  of  conifers  based  upon  co\ints  of  em- 
bryos.  For  P.  caribaea,  origin  not  stated,  their  count  of  82  embryos  gave 
5-10  cotyledons,  mean  7- 73* 

In  growing  seedlings  in  cans  of  soil,  we  observed  slight  variations 
in  average  numbers  of  cotyledons  among  samples  from  different  places.  Ac- 
cordingly, cotyledon  counts  of  germinating  seedlings  were  made.   A  sample 
of  P.  elliottii  var.  elliottii  from  De  Soto  National  Forest  in  southern 
Mississippi  based  upon  a  count  of  25  seedlings  gave  6-9  cotyledons  with 
mean  7.36.   Another  from  Clinch  Co.,  Ga.,  of  50  seedlings  had  5-10  cotyle- 
dons with  mean  of  7-72,  almost  identical  with  numbers  reported  by  Butts  and 
Buchholz.   One  lot  of  50  seedlings  of  P.  elliottii  var.  densa  from  Hendry 
Co.,  Fla.,  showed  5-8  cotyledons,  mean  6.76. 

Seedlings  of  P.  caribaea  had  slightly  smaller  averages.  A  sample 
from  Cuba  of  100  seedlings  gave  k-Q   cotyledons,  mean  5-90,  and  another  from 
Cuba  of  50  seedlings  k-Q   cotyledons,  mean  5-96.   A  lot  from  British  Hon- 
duras of  100  seedlings  had  k-9,    mean  6.58. 

Of  course,  these  six  small  samples  are  inconclusive,  but  they  sug- 
gest that  average  cotyledon  nimiber  is  highest  in  P.  elliottii  var.  elliottii, 
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slightly  lover  in  var.  densa  and  lower  still  in  P.  caribaea.   However,  as 
the  extreme  numbers  are  nearly  the  same,  the  ranges  overlapping,  and  the 
averages  only  slightly  different,  cotyledon  numbers  would  not  be  useful  in 
identification. 

One  of  the  most  distinctive  characteristics  of  South  Florida  slash 
pine  (p.  elliottii  var.  densa)  is  its  grasslike,  almost  stemless  seedling 
stage  resembling  that  of  longleaf  pine  (P.  palustris) .   In  longleaf  pine 
the  seedling  passes  through  a  resistant  grass  stage  and  for  2  to  10  years 
remains  almost  stemless  with  a  large  tuft  of  very  long  grasslike  needles 
(Wahlenberg,  19^6,  pp.  58-59^  86-99)-   Earlier  references  to  the  grasslike 
seedling  of  South  Florida  slash  pine  have  already  been  reviewed. 

Seedlings  of  South  Florida  slash  pine  grown  from  seed  at  the  Harri- 
son Experimental  Forest  in  southern  Mississippi  retained  their  grasslike 
seedling  stage.   Similarly,  seedlings  of  typical  slash  pine  from  northern 
Florida  planted  near  La  Belle,  in  south  Florida,  had  typical,  slender, 
pencillike  stems.   Thus,  the  grasslike  seedling  form  is  inherited  (  figs. 
11,  12). 


Fig.  11. 


-Foui'  bLraiiis  of  pine  aftex-  c.   years  planted  at  Harrison  Experimental  Forest  in  soutn- 
ern  Mississippi.   On  the  left,  pine  of  Cuban  origin  (Pinus  caribaea);  left  foreground, 
South  Florida  (Pinus  elliottii  var.  densa);  right  foreground,  northern  Florida  ( Pinus 
elliottii  var.  elliottii);  and  far  right,  local  Mississippi  strain  ( Pinus  elliottii 
var.  elliottii) .   The  typical  slow  growth  and  bushy  form  of  the  South  Florida  slash 
pine  is  readily  apparent.   The  pines  of  Cuban  and  South  Florida  origin  have  been  severe- 
ly injured  by  freezing  since  the  picture  was  taken. 
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Fig.  12. — At  the  left,  slash  pine  of  northern  Florida  origin  planted  in  Hendry  County,  in 
southern  Florida.   It  shows  the  typical  slender  form  and  rapid  height  growth  of 
pines  in  northern  Florida  and  none  of  the  characteristics  of  South  Florida  slash 
pine.   The  seedling  is  3  years  old  and  it  is  33  inches  tall.   The  stem  is  5/8  inch 
in  diameter  at  the  base.  At  the  right,  2-year-old  seedlings  of  South  Florida 
slash  pine  6  to  15  inches  tall,  naturally  seeded  in  Hendry  County,  Florida. 

Grasslike  seedlings  of  South  Florida  slash  pine  ate  shown  in  figure 
13,  and  seedlings  of  Caribbean  pine  and  slash  pine  with  pencillike  stems 
in  figures  13  and  ih.      The  very  thick  structure  below  the  needles  is 
largely  hypocotyl.   In  pine  seedlings  the  hypocotyl  is  the  transition  re- 
gion between  stem  and  root,  located  below  the  cotyledons  and  afterwards 
below  the  fascicles  of  leaves,  which  are  borne  from  stems.   It  becomes 
1.5-3  cm.  in  diame^er  over  a  length  of  3-^  cm,  and  tapers  into  the  thick- 
ened tap  root.   The  tmusual  thickening  is  mostly  dead  outer  bark  but  in- 
cludes some  inner  bark  and  wood.  After  height  growth  is  begun  the 
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Fig.  lit. --Three  seedlings  of  Plnus  elliottii  var.  elliottii,  slash  pine  from  Baker  Coiinty 
in  northern  Florida.  These  seedlings  have  slender  stems  typical  of  the  variety. 
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seedlings  resemble  those  of  slash  pine  from  northern  Florida  (fig.  15)' 
Prominent  long  horizontal  lateral  roots  develop  from  the  tap  root. 

These  grasslike  seedlings,  like  those  of  longleaf  pine,  apparently 
are  resistant  to  fire,  "being  adapted  in  their  low  growth,  thick  insulating 
hark,  and  stored  food  in  the  enlarged  portion.  Foresters  of  the  Atlantic 
Land  and  Improvement  Company  reported  that  in  preliminary  tests  of  nursery- 
grown  stock  of  typical  slash  pine  and  wildling  stock  of  South  Florida 
slash  pine  together  near  La  Belle  in  southern  Florida,  the  latter  were  more 
resistant  to  fire  in  that  area  of  annual  burning  "by  cattlemen.   It  is  in- 
teresting to  note  that  South  Florida  slash  pine,  like  longleaf  pine,  grows 
on  dry  sites  su"bject  to  frequent  burning  and  where  the  resistant  grasslike 
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Fig.  15- — Dense  reproduction  of  South  Florida  slash  pine  in  a  recently  logged  area  in 

Hendry  County,  Florida. 
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seedling  is  an  adaptation  of  survival  value.   In  contrast,  typical  slash 
pine  with  normal,  pencillike  seedlings  is  characteristic  of  moister  sites 
"With  infrequent  fires. 

Pinus  caribaea  Morelet  has  a  normal  seedling  with  pencillike  stem, 
as  we  verified  at  the  type  locality,  Isle  of  Pines.   However,  P.  tropicalis 
Morelet,  the  more  common  species  described  by  the  same  author  from  the  same 
type  locality,  does  have  a  grasslike  stemless  seedling  (fig.  l6,  17)  • 
Seedlings  of  these  two  species  were  seen  growing  naturally  side  by  side  at 
Isle  of  Pines  (fig.  l8).   In  Pinar  del  Rio,  western  Cuba,  where  both  species 
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Fig.  16. --Seedlings  of  Pinus  tropicalis  from  Isle  of  Pines.   Seedlings  of  this  species  have 
an  almost  stemless  form,  similar  to  that  of  South  Florida  slash  pine. 
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Fig.  17. --Grasslike  seedling  stage  of  tropical  pine  at  Isle  of  Pines.   Diameter  at  base  is 
1^  inches  across  the  thick  bar.   (Rule  is  I5  cm.,  or  6  inches,  long.) 


if 


Fig.  18. --Seedling  of  Caribbean  pine  at  Isle 
of  Pines  less  than  1  foot  high,  with 
pencillike  stem  -j  inch  in  diameter  at 
base.   (Rule  is  I5  cm.,  or  6  inches, 
long . ) 
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are  also  native^  the  same  differences  in  seedlings  occur.  Alberto  J.  Fors 
kindly  has  sent  us  one  seedling  of  each  species  from  Cuba  verifying  these 
characteristics.   Incidentally^  P.  tropicalis,  which  has  the  resistant, 
grasslike  seedlings  is  much  more  common  than  P.  caribaea  on  both  islands, 
and  the  latter  is  becoming  scarcer. 

A.  C.  Shaw,  who  recently  visited  Bahama  Islands  and  collected  ma- 
terial of  P.  caribaea  for  us  there,  states  that  on  Great  Bahama  and  Great 
Abaco  Islands  east  of  Florida  the  pine  seedlings  are  normal  and  not  stem- 
less.   IVo  herbarium  specimens  of  seedlings  from  Andros,  Bahama  Is.  (L.  J. 
K.  Brace  687^j  F)  likewise  have  normal,  pencillike  stems. 

In  British  Honduras,  Paul  J.  Shank  reports  that  seedlings  of  P. 
caribaea  also  are  normal.   Loock  (1951)  noted  that  seedlings  from  British 
Honduras  seed  grown  in  South  Africa  were  more  slender  and  tender  than  those 
of  seed  from  the  United  States.   The  former  had  yellowish  brown  stems  and 
light  green  foliage  and  the  latter  purplish  stems  and  dark  green  leaves. 
At  Harrison  Experimental  Forest  in  southern  Mississippi  we  observed  year-old 
seedlings  from  British  Honduras  seed  in  a  seedbed.   (They  were  killed  by 
cold  weather  soon  afterwards.)  These  seedlings  were  unusually  tall  and 
slender  and  peculiar  in  having  only  the  blue  green  juvenile  leaves  rather 
than  some  needles  in  bundles.   Seedlings  from  Cuba  of  the  same  age  were  not 
available  for  comparison  and  may  not  be  similar  to  those  from  British  Hon- 
d-uras. 

This  character  of  delayed  height  growth  in  the  seedling  stage  appar- 
ently has  developed  independently  in  species  of  pines  in  other  regions. 
Apache  pine,  P.  engelmannii  Carr.  (P.  latifolia  Sarg.),  of  southwestern 
United  States  and  adjacent  Mexico  has  a  grasslike  seedling  stage  as  shown  by 
Righter  and  Duffield  (l95l) •   The  Institute  of  Forest  Genetics,  U.  S.  Forest 
Service,  at  Placerville,  Calif.,  reports  finding  grasslike  seedlings  also 
in  P.  montezumae  Lamb.,  P.  pseudostrobus  Lindl.,  and  P.  michoacana  Martinez 
of  Mexico  and  in  an  Asiatic  species,  P.  merkusii  De  Yriese,  and  has  lent  us 
herbarium  specimens  of  nursery  grown  seedlings  of  some  of  these. 


NEEDLE  ANATOMY 


Differences  in  microscopic  anatomy  of  needles,  as  well  as  the  nxomber 
of  needles  in  a  fascicle,  have  been  employed  by  botanists  as  supplementary 
characters  in  the  classification  and  identification  of  species  of  Pinus. 
Though  most  species  of  the  genus  have  a  more  or  less  constant  number,  P. 
elliottii  is  a  noteworthy  exception.   It  and  the  earlier  variety,  P.  taeda 
var.  heterophylla,  both  were  originally  described  as  having  the  leaves  in 
2's  and  3's.   EngeLmnn  (188O,  p.  I88)  recorded  in  P.  elliottii  that 
leaves  of  young  trees  are  more  frequently  in  2's  and  in  older  ones  as  often 
in  3's. 
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In  South  Florida  slash  pine  the  needles  are  predominantly  in  2's 
(infrequently  3).   It  was  unexpected  to  find  at  Isle  of  Pines,  the  type 
locality,  needles  of  P.  carihaea  uniformly  in  3's,  as  botanists  had  regarded 
the  two  as  the  same.   There  is  a  sharp  separation  and  an  abrupt  difference 
in  needle  number  between  the  2-needle  pine  of  southern  Florida  and  its  3- 
needle  relative  in  Bahama  Islands,  Cuba,  and  Isle  of  Pines. 

Shaw  (191U,  p.  k)   noted  that  in  species  having  a  variable  number 
of  needles,  the  number  of  needles  in  a  fascicle  is  in  some  degree  dependent 
on  climatic  conditions,  the  smaller  number  occurring  in  colder  regions. 
For  P.  caribaea  in  the  broad  sense  he  listed  2  and  3  leaves  in  a  fascicle 
or  more  in  the  southern  range.   However,  in  P.  elliottii  segregated  from 
the  former  the  smaller  number  of  needles  is  commoner  southward  in  the  warmer 
climate. 

De  Vail  (19^1,  19^)  and  West  and  Arnold  (I9U6)  used  the  number  of 
resin  ducts  (or  resin  canals)  in  needles  as  a  means  of  distinguishing  the 
two  variations  of  slash  pine  in  Florida.  Accordingly,  we  have  studied 
needle  anatomy  of  P.  caribaea  and  the  varieties  of  P.  elliottii  in  a  search 
for  further  means  of  distinguishing  these  closely  related  pihes. 

Several  investigators  have  made  detailed  studies  of  microscopic 
anatomy  of  needles  in  the  genus  Pinus  and  have  published  keys  for  identifi- 
cation of  species  based  upon  needle  characters.   Following  earlier  European 
and  American  workers,  Shaw  (191^^  PP-  2-7,  pl.  2)  in  his  monograph  of  this 
genus  described  the  leaf  anatomy,  including  tissues  and  variations,  of 
pines  and  prepared  a  sketch  of  the  needle  cross  section  for  each  species. 

Keys  to  species  of  Pinus  based  upon  needle  anatomy  have  been  prepared 
in  different  parts  of  the  world,  such  as  by  Doi  and  Morikawa  (1929)  in  Japan, 
Harlow  (1931)  in  the  United  States,  and  by  Sutherland  (193|+)  in  New  Zealand. 
The  first  had  drawings  showing  variations  in  characters  and  the  other  two 
were  well  illustrated  by  photomicrographs  of  each  species.  These  useful  keys 
indicate  that  needle  anatomy  is  more  or  less  constant  for  a  species  even 
when  cultivated  in  some  other  part  of  the  world,  such  as  New  Zealand,  where 
this  genus  is  not  native.   Harlow's  (1931)  illustrated  key  is  helpful  for 
identification  of  sterile  or  poor  material  of  Pinus. 

Nevertheless,  leaf  anatomy  is  of  minor  importance  and  supplementary 
value  in  the  identification  of  trees.   Trees  are  large  plants  with  many  var- 
iations in  gross  structure  available  for  classification.   Characters  used  to 
separate  species  of  trees  should  be  preservable  on  herbarium  specimens, 
though  of  course  other  features,  such  as  bark,  may  be  employed  in  the  field. 
If  two  populations  of  trees  differ  only  in  microscopic  details,  such  as  leaf 
anatomy,  wood  anatomy,  or  chromosome  numbers,  they  would  be  placed  by  taxo-^ 
nomists  under  the  sajue  scientific  name.   For  example,  two  pines  differing 
only  in  number  of  resin  ducts  in  the  needles  would  be  considered  the  same 
for  practical  purposes.   Differences  of  needle  anatomy  of  pines  are  useful 
in  identification  when  constantly  associated  with  differences  in  gross  mor- 
phology.  Even  then,  the  tedious  microscopic  examination  required  to  observe 
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these  minute  details  is  seldom  employed  except  in  identification  of  incom- 
plete or  sterile  specimens. 

Perhaps  the  most  detailed  study  of  variations  in  microscopic  needle 
anatomy  within  a  single  species  of  Pinus  is  that  by  Weidman  (1939^  PP«  868- 
870,  pis.  1-3)^  of  the  U.  S.  Forest  Service,  on  Pinus  ponderosa.   Because 
of  similarities  in  needle  structure  and  in  geographical  races,  it  is  par- 
ticularly significant  in  our  study.   Pines  from  seed  from  10  western  States 
were  grown  together  in  experimental  progeny  plots  in  northern  Idaho  and 
analyzed  after  25  years  as  to  racial  variations.   J.  H.  Eamskill,  of  the 
University  of  Montana,  made  detailed  examinations  of  microscopic  needle 
anatomy  both  of  pines  from  these  plots  and  of  pines  from  each  parent  lo- 
cality.  Two  structures  were  found  to  vary  in  pines  from  regions  with 
different  climates.  For  example,  needles  from  Siskiyou,  southwestern  Ore- 
gon, in  the  North  Pacific  region  with  a  mild,  humid  climate  had  a  biform 
hypoderm  (the  tissue  just  inside  the  epidermis  or  outermost  layer)  of  1 
layer  of  thin-walled  cells  and  1  or  2  layers  of  thick-walled  cells  and 
stomata  not  depressed  or  sunken.  At  the  other  extreme,  needles  from  Ashley, 
northeastern  Utah,  in  the  interior  Central  Plateau  region  with  a  severe, 
drier  climate  had  a  biform  hypoderm  of  1  layer  of  thin-walled  cells  and 
2  to  ^  layers  of  thick-walled  cells  and  stomata  deeply  depressed  correspond- 
ing to  the  niomber  of  layers  of  cells  in  the  hypoderm.   Similar  variations 
were  found  in  relative  thickness  of  walls  in  inner  rows  of  hypoderm  cells 
and  percentage  of  thick-walled  cells  in  inner  hypoderm  rows,  the  pines  from 
a  mild  climate  having  mostly  thin  cell  walls  and  few  thick-walled  cells 
and  those  from  severe  climates  having  practically  all  the  cells  with  thick 
to  very  thick  cell  walls.   Moreover,  these  variations  were  retained  by  the 
progenies  in  the  new  habitat  and  were  regarded  as  inherited.  A  minor  ex- 
ception was  that  progenies  from  some  interior  regions  grown  under  a  less 
vigorous  climate  had  fewer  layers  of  hypoderm  cells  eind  slightly  less  stom- 
atal  depression  than  pines  at  the  parent  localities. 

Stover  (19^^)  studied  variations  in  leaf  structure  of  Pinus  contorta 
Dougl.  and  two  other  conifers  in  different  habitats  of  Medicine  Bow  Moun- 
tains in  Wyoming.   He  observed  a  greater  number  of  hypoderm  cells  in  leaves 
from  xeric  habitats  than  in  leaves  from  mesic  habitats. 

De  Vail  (19^1,  pp.  126-128)  examined  the  number  of  resin  ducts  in 
needles  of  South  Florida  slash  pine,  which  he  listed  as  P.  caribaea.   He 
noted  that  Harlow  (1931,  pi.  10,  fig.  2)  had  illustrated  for  slash  pine  (as 
P.  caribaea)  2  internal  resin  ducts  and  mentioned  an  occasional  additional 
medial  resin  duct.   In  ^0  samples  of  2-needle  fascicles  of  South  Florida 
slash  pine  from  I5  Florida  counties,  De  Yall  found  the  number  of  resin  ducts 
to  vary  from  h   to  9,  except  that  2  specimens  from  the  northern  part  of  the 
range  had  3-   According  to  his  unpublished  thesis,  De  Vail  also  examined 
specimens  of  typical  slash  pine  from  more  than  10  localities  in  northern 
and  western  Florida  and  reported  the  number  of  resin  ducts  to  be  commonly  3 
to  5^  infrequently  2  and  rarely  more  than  5-   In  a  key  to  the  species  of 
native  Florida  pines,  De  Vail  (19J+5)  separated  these  variations  on  the 
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basis  of  number  of  resin  ducts,  2  or  3  in  typical  slash  pine  and  ij-  to  9 
(average  7)  in  South  Florida  slash  pine.   He  noted  that  the  number  is 
shovn  by  the  resin  droplets  visible  with  a  hand  lens  on  the  cut  surface 
made  with  a  razor  or  sharp  knife. 

West  and  Arnold  (19^6,  p.  3)  similarly  mentioned  number  of  resin 
ducts  as  a  means  of  separating  these  two  pines  in  Florida,  the  number  in 
2-needle  fascicles  being  more  abundant  (5  to  lO)  in  South  Florida  slash 
pine  than  in  typical  slash  pine  (3  to  h) . 

In  the  original  description  of  P.  elliottii,  based  largely  upon 
specimens  from  South  Carolina  and  therefore  the  typical  slash  pine, 
Engelmann  (l880,  p.  189^  pl.  1^  figs.  ^-7)  illustrated  k   leaf  sections, 
2  binate  leaves  with  9  and  5  resin  ducts,  respectively,  and  2  ternate 
leaves  with  8  and  h   resin  ducts  each.  According  to  his  explanation  of 
figures,  "the  ducts  are  wide  or  small,  few  or  many,  in  these  specimens, 
varying  from  k   to  9."  Sargent  (189I-I9Q2;  11:  I57,  pl.  591,  fig-  H- 
1897)  recorded  the  number  of  resin  ducts  in  P.  heterophylla  as  4  to  6 
{k   illustrated  in  fig.  11 )  and  indicated  that  there  was  usually  a  single 
layer  of  thick-walled  cells  in  the  hypoderm. 

Doi  and  Morikawa  (I929,  pp.  175-176)  in  their  key  described  for 
P.  caribaea  2  or  3  needles,  resin  ducts  3  to  5,  and  hypoderm  partly  of  1 
layer  and  partly  2  layers  and  biform.   Sutherland  (193^,  figs.  21,  22) 
published  photomicrographs  of  cross  sections  of  a  ternate  needle  with  k 
internal  resin  ducts  and  a  binate  needle  with  2  internal  and  2  medial 
resin  ducts,  both  with  biform  hypoderm  of  2  layers  of  cells.   She  noted 
(p.  522)  that  in  P.  caribaea  the  fundamental  structure  of  needles  does 
not  differ  in  the  2-  and  3-needle  bundles.   These  descriptions  and  figures 
represent  typical  slash  pine. 

Harlow  (1931,  pl-  10,  fig.  2)  published  for  P.  caribaea  a  photo- 
micrograph of  a  binate  leaf  of  typical  slash  pine  with  2  internal  resin 
ducts  and  biform  hypoderm  of  2  layers  of  cells  and  mentioned  occasionally 
an  additional  medial  resin  duct  and  3  layers  of  cells  in  the  hypoderm. 
However,  as  he  recorded  a  range  from  2  to  10  (or  more)  resin  ducts  in 
needles  within  a  species  for  11  other  species,  number  of  resin  ducts 
obviously  is  of  limited  value  in  identification.   Harlow  and  Harrar  (1937, 
fig*  35)  illustrated  a  ternate  leaf  with  h   resin  ducts  (3  internal  and  1 
medial)  and  thin  biform  hypoderm  of  2  layers. 

Florin  (1933,  ?•  ^,  Pl*  2,  figs.  11,  12)  studied  needle  anatomy  in 
monographing  the  conifers  of  the  West  Indies  from  E.  L.  Ekman's  collections. 
He  described  the  needle  anatomy  of  P.  caribaea  interpreted  in  the  broad 
sense  as  having  2  to  4  resin  ducts,  always  internal,  and  the  hypoderm  bi-  , 
form  with  2  to  ^l  layers  of  thick-walled  cells.   The  two  photomicrographs 
showed  a  binate  leaf  and  a  ternate  leaf,  both  with  k   resin  ducts  and  with 
a  thickened  hypoderm  of  about  2  or  3  layers  of  thick-walled  cells.   These 
illustrations,  further  identified  from  the  citation  of  the  locality  of  the 
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specimen,  Miami,  Fla.,  (H.  N.  Moldenke  ^91)  were  of  South  Florida  slash  pine. 

Recently  Loock  (1951;  figs-  E-G  on  p.  21^)  has  published  photomicro- 
graphs of  needle  cross  sections  from  British  Honduras  described  as  a  new 
species,  P.  hondxirensis,  2  ternate  leaves  showing  k   and  3  internal  resin  ducts, 
respectively,  and  hypoderm  of  4  or  5  layers  of  cells.  For  contrast  he  illus- 
trated a  binate  needle  from  Florida  as  P.  caribaea  with  7  internal  resin  ducts 
and  2  medial,  which  is  identifiable  from  the  thin  hypoderm  of  2  layers  of  cells 
as  typical  slash  pine.   In  the  text  he  noted  that  the  internal  structure  of 
leaves  of  the  two  was  very  similar  except  that  the  former  had  2  to  k,   usually 
3  or  k,    internal  resin  ducts  and  the  latter  2  to  9  internal  ducts  with  1  or  2 
not  quite  internal. 

We  have  examined  microscopically  needle  cross  sections  of  representa- 
t ive  specimens  from  throughout  the  range  of  P.  caribaea  and  P.  elliottii. 
Fresh  material  has  been  studied  of  our  collections  of  P.  elliottii  var.  elli- 
ottii from  five  States,  of  P.  elliottii  var.  densa  from  various  places  in 
southern  Florida  and  northward,  and  of  P.  caribaea  from  the  type  locality  at 
Isle  of  Pines.  Additional  herbarium  specimens  of  P.  caribaea  from  different 
localities  in  Bahama  Islands,  western  Cuba,  British  Honduras,  Giiatemala, 
Honduras,  and  Nicaragua  have  been  sectioned. 

Important  material  from  cultivated  plants  grown  outside  the  natural 
range  or  at  localities  away  from  the  source  of  seed  has  been  supplied  by 
personnel  of  the  U.  S.  Forest  Service.   From  the  Eddy  Arboretum,  Institute  of 
Forest  Genetics,  Placerville,  Calif.,  came  fresh  specimens  of  trees  growing 
from  seeds  from  British  Honduras,  Mississippi,  and  northern  Florida.   From 
the  Harrison  Experimental  Forest  near  Gulfport,  Miss.,  we  received  tree  ma- 
terial, the  seed  of  which  came  from  South  Carolina,  Georgia,  and  Louisiana, 
as  well  as  specimens  from  the  experiment  by  the  Division  of  Forest  Pathology, 
Plant  Industry,  Soils,  and  Agricultural  Engineering,  of  3-year-old  pines 
from  Mississippi,  northern  Florida,  southern  Florida,  and  Cuba. 

Cross  sections  were  cut  from  needles  about  midway  between  base  and 
apex.   Both  binate  and  ternate  needles  were  examined,  as  some  specimens, 
particularly  those  of  P.  caribaea,  were  of  only  the  latter.   Our  observations 
confirmed  those  of  Sutherland  that  needle  structure  in  2-  and  3-needle 
fascicles  is  similar.   Dried  needles  were  softened  by  soaking  cut  pieces  in 
hot  water.   The  cross  sections  were  cut  freehand  with  a  razor  blade  by 
placing  the  bundle  on  a  cork  held  by  a  finger  and  cutting  against  the  finger 
nail,  which  was  gradually  moved  backward.   The  thinner  sections  were  then 
mounted  in  water  and  examined  under  low  power  of  the  compound  microscope. 
This  simple  method  of  preparing  temporary  mounts  of  freehand  sections 
proved  adequate  for  our  taxonomic  study. 

The  results  of  our  examinations  of  cross  sections  of  pine  needles 
are  summarized  in  tables  2  and  3.   The  principal  variations  in  tissues 
studied  because  of  possible  value  in  identification  were  the  number  and 
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Table  2. --Resin  ducts  and  hypoderm  layers  in  pine  needles  In 

different  regions 


Species  or  variety 


Region 


:  Total   :  Medial 
iLocalities;  resin  :  resin 
:  ducts   :  ducts 


Hypoderm 
layers 


Pinus  elliottii  var. 
elliottii 

Pinus  elliottii  var. 
densa 

Pinus  caribaea  (all 
regions) 

Pinus  caribaea 

Pinus  caribaea 

Pinus  caribaea 

Pinus  caribaea 

Pinus  caribaea 

Pinus  caribaea 

Pinus  caribaea 


Southeastern 
United  States 

South  and  cen- 
tral Florida 

West  Indies  and 
Central  America 


_____  _Number  -__--__-- 

10   1/2-8  (9)   0  (1-2)   2  (3) 

12     3-9  (11)  0  (l-k)      3-h   {2.,    5) 


28     2-^ 


0  (1)    3-5  (2) 


Isle  of  Pines 

2 

3-6 

0 

(D- 

3-5 

Western  Cuba 

3 

5-6 

0 

3-5 

Bahama  Islands 

8 

3-8 

0 

(1) 

3-5 

British  Honduras 

7 

2-5 

0 

3-5  (2) 

Guatemala 

3 

2-if 

0 

3-4  (2) 

Honduras 

\ 

2-5 

0 

3-4  (2) 

Nicaragua 

1 

2-3 

0 

3  (2-4) 

l/  Figure  in  parenthesis  indicates  number  rarely  observed. 
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position  of  the  resin  ducts  and  the  nuiriber  of  layers  of  cells  in  the  hypoderm. 

In  these  pines  the  resin  ducts  of  the  needles  are  internal;  that  is, 
their  "bordering  cells  are  inside  the  mesophyll,  or  green  tissue,  and  touch 
the  endodermis  layer.   Or,  1  or  2  (rarely  3  or  ^)  of  the  total  number  of 
resin  ducts  may  be  medial;  that  is,  more  or  less  centrally  located  within 
the  mesophyll,  or  green  tissue,  as  indicated  in  table  2.   In  the  pines 
studied,  the  hypoderm,  or  tissue  just  inside  the  epidermis,  is  biform;  that 
is,  with  an  outer  layer  of  thin-walled  cells  and  1  to  ^  inner  layers  of 
thick-walled  cells. 

Table  2  shows  great  range  in  total  number  of  resin  ducts  within  the 
same  taxonomic  entity.   P.  elliottii  var.  elliottii  has  2  to  8  (rarely  9); 
P.  elliottii  var.  densa  has  3  to  9  (rarely  10  or  ll);  and  P.  caribaea  2  to  8. 
Thus,  number  of  resin  ducts  cannot  be  used  as  a  means  of  separating  the  two 
varieties  of  P.  elliottii,  as  suggested  by  De  Vail  (19^1,  19^^)  and  West  and 
Arnold  (1946). 

Tiie  number  of  resin  ducts  is  variable,  even  among  needles  on  the 
same  twig.   On  material  from  one  tree  of  P.  elliottii  var.  elliottii  from 
near  Lake  City,  Fla.,  needles  with  ^,    6,  1, ,    8,  and  9  resin  ducts  were 
examined. 

However,  we  have  observed  another  microscopic  character,  thickness 
of  the  hypoderm  of  needles,  by  which  nearly  all  specimens  of  the  three  pine 
variations  studied  can  be  identified.   The  number  of  layers  of  cells  in  the 
hypoderm,  as  shown  in  needle  cross  section,  is  given  in  the  last  column  of 
table  2.   These  figures  all  include  the  thin-walled  cells,  uniformly  a 
single  outer  layer  in  these  pines,  and  the  thick-walled  cells  in  1  to  4 
inner  layers. 

P.  elliottii  var.  elliottii  is  readily  identified  and  distinguished 
from  the  other  two  variations  by  the  thin  hypoderm  of  only  2  (infrequently  3) 
layers,  the  outer  layer  of  thin-walled  cells  and  the  inner  one  of  thick- 
walled  cells.   P.  elliottii  var.  densa  has  a  thick  hypoderm  of  3  or  ^4-  (in- 
frequently 2  or  5)  layers,  of  which  all  except  the  outermost  layer  are  of 
thick-walled  cells.   P.  caribaea  also  has  a  thick  hypoderm  of  3  to  5  (in- 
frequently 2)  layers,  of  which  all  but  one  are  of  thick-walled  cells.   The 
last  generally  is  distinguishable  from  P.  elliottii  var.  densa  by  the  slightly 
thicker  hypoderm,  at  least  in  places. 

The  thinnest  hypoderm  was  found  in  P.  elliottii  var.  elliottii, 
which  grows  in  a  humid,  warm  temperate  climate,  thickened  hypoderm  in  P. 
elliottii  var.  densa,  which  grows  in  a  subtropical  climate  with  dry  winters, 
and  thicker  hypoderm  in  P.  caribaea,  which  grows  in  a  tropical  climate  with 
a  long  dormant  dry  season.   If  thickness  of  hypoderm  is  correlated  with 
climatic  differences,  as  found  by  Weidman  (1939)  in  P.  ponderosa,  then  in 
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Table  3. — Resin  ducts  and  hypoderm  layers  in  needles  of  cultivated  pines 


Location  and  species 
or  variety 


Localities: 


Total   :  Medial 
resin   :  resin 
ducts   :  ducts 


Institute  of  Forest  Genetics,, 
Placerville,  Calif. : 

Pinus  elliottii  var. 
elliottii 

Pinus  elliottii  var. 
elliottii 

Pinus  caribaea  (2  trees) 


Harrison  Expt.  Forest,  near 

Gulfport,  Miss.: 
Pinus  elliottii  var. 

elliottii 
Pinus  elliottii  var. 

elliottii 
Pinus  elliottii  var. 

elliottii 

Harrison  Expt.  Forest,  near 
Gulfport,  Miss.: 2/ 


Miss. 

1 

-  -  -  Number  -  -  -  • 
4-5  1/0  (1) 

2 

No.  Fla. 

1 

5-7    1-2  (3) 

2  (3) 

Brit. 

1 

4-9    0-2  (3) 

3-2 

Honduras 

S.  C. 

1 

2 

0 

2 

Georgia 

2 

2-k 

0  (1) 

2  (3) 

La. 

1 

2 

0 

2 

Pinus  elliottii  var. 

Miss. 

1 

2-k 

0  (1) 

2 

elliottii 

Pinus  elliottii  var. 

No.  Fla. 

1 

2-5 

0-1 

2 

elliottii 

Pinus  elliottii  var.  densa 

So.  Fla. 

1 

2-k 

0  (1-2) 

2  (3) 

Pinus  caribaea 

Cuba 

1 

2-3 

0 

2-3 

Near  La  Belle,  Fla. : 3/ 

Pinus  elliottii  var. 

No.  Fla. 

1 

2-5 

0-1  (2) 

2 

elliottii 

Hillsborough  State  Park, 
Fla.:  V 


Pinus  elliottii  var. 

Fla. 

1 

k-1 

0-1  (2) 

elliottii 

Pinus  elliottii  var. 

densa 

So.  Fla. 

1 

k-6 

0-1  (2) 

1/  Figure  in  parenthesis  indicates  number  rarely  observed. 

2/  From  a  3-year-old  plantation  established  by  the  Division  of  Forest  Path- 
ology; each  sample  was  composed  of  needles  from  3  plants. 

3/     From  a  3-year-old  plantation  of  the  Atlantic  Land  and  Improvement  Co.; 
the  sample  was  from  5  plants. 

k/     From  a  plantation  about  I7  years  old. 
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these  subtropical  and  tropical  pines,  it  apparently  is  associated  with  a 
dormant  dry  season. 

There  is  some  relationship  between  thickness  of  the  hypoderm  and 
the  position  of  the  stomata  in  rows  on  the  surfaces  of  the  needles.   Where 
the  hypoderm  is  thin,  the  stomata  are  near  the  surface,  and  where  the  hypo- 
derm  is  thick,  the  stomata  commonly  are  sunken,  their  depth  in  the  stomatal 
grooves  corresponding  roughly  to  the  thickness  of  the  hypoderm. 

These  pines,  being  hard  pines  (subgenus  Diploxylon),  have  two  vas- 
cular bundles  in  the  needles,  which  are  located  close  together.   In  some  of 
the  cross  sections  of  P.  caribaea  the  two  vascular  bundles  are  almost 
united,  and  in  a  few  there  is  essentially  only  one  vascular  bundle. 

The  amount  of  thick-walled  cells,  or  sclerenchyma  cells,  within 
the  endodermis  and  around  the  vascular  bundles  varies  considerably  and 
apparently  is  not  of  taxonomic  value  in  the  pines  studied.   These  thick- 
walled  cells  are  arranged  in  1  or  2  or  more  layers  above  and  below  the  vas- 
cular bundles  and  sometimes  also  between  them  or  often  are  absent.   In  P. 
elliottii  var.  elliottii  these  thick-walled  cells  are  usually  absent  or 
sometimes  in  a  layer,  and  in  P.  elliottii  var.  densa  they  vary  from  0  to  1 
or  2  layers.   The  thick-walled  cells  within  the  endodermis  are  more  common 
and  more  conspicuous  in  P.  caribaea,  usually  in  1  to  3  layers  above  and 
below  the  vascular  bundles  and  often  between.   Doi  and  Morikawa  (1929^  PP* 
I52-I53)  and  Harlow  (1931^  P-  13)  noted  that  the  occurrence  of  these  thick- 
walled  cells  is  variable  and  not  of  taxonomic  value  in  most  species. 

The  material  examined  from  cultivated  trees  grown  outside  the  natural 
ranges  is  inadequate  to  indicate  whether  thickness  of  hypoderm  in  the  needles 
varies  under  different  environmental  conditions.   Table  3  summarizes  the  data 
obtained  from  needle  cross  sections  of  pines  grown  at  the  Eddy  Arboret\am, 
Institute  of  Forest  Genetics,  Placerville,  Calif.,  at  Harrison  Experimental 
Forest,  near  Gulfport,  Miss.,  from  near  La  Belle,  Fla.,  and  at  Hillsborough 
State  Park,  Fla.   Trees  of  P.  elliottii  var.  elliottii  retained  their  thin 
hypoderm  when  grown  at  Placerville,  Calif.,  and  near  Gulfport,  Miss.,  which 
is  within  the  natural  range.   However,  two  trees  of  P.  caribaea  from  British 
Honduras  seed  grown  at  Placerville,  Calif.,  had  hypoderm  of  intermediate 
thickness,  or  only  slightly  thickened,  of  mostly  3  layers  (partly  2). 

In  the  experiment  at  Harrison  Experimental  Forest,  near  Gulfport, 
Miss.,  needles  from  3  plants  each  of  3-year-old  pines  from  h   geographic 
sources  were  examined.  The  2  lots  (l  local)  of  P.  elliottii  var.  elliottii 
had  characteristic  thin  hypoderm.   The  grasslike,  almost  stemless  seedlings 
of  P.  elliottii  var.  densa  from  seed  from  southern  Florida  had  needles  mostly 
with  thin  hypoderm  of  2  layers,  though  a  few  needles  had  3  layers  in  part. 
The  3-year-old  pines  of  P.  caribaea  from  Cuban  seed  (already  killed  by  cold 
weather)  had  a  slightly  thickened  hypoderm  of  2  and  partly  3  layers,  less 
than  In  mature  trees  in  Cuba.   These  young  pines  from  Cuban  seed  did  have 
many  more  thick-walled  cells  inside  the  endodermis  of  the  needles  (mostly 
2  layers  above  and  below  the  vascular  bundles)  than  did  the  other  pines  in 
the  experiment. 
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For  comparison,  needles  of  a  similar  grasslike,  almost  stemless 
seedling  of  P.  palustris  growing  naturally  near  the  experiment  in  Mississippi 
■were  examined.   These  needles  also  had  the  hypoderm  only  slightly  thickened, 
partly  2  and  3  layers,  vhile  needles  of  mature  trees  of  that  species  have  a 
thick  hypodenna  of  3  to  6  layers  of  cells.   Apparently  the  needles  of  grass- 
like seedlings  on  the  ground  have  the  hypoderm  less  developed  than  needles  of 
mature  trees.   It  will  be  interesting  to  examine  needles  of  P.  elliottii  var. 
densa  at  this  experiment  in  Mississippi  after  the  plants  have  become  large 
trees.   Incidentally,  the  needle  anatomy  of  P.  elliottii  var.  densa  is  rather 
similar  to  that  of  the  related  species  P.  palustris.   Both  have  thickened  hy- 
poderm, but  the  hypoderm  of  the  latter,  3  to  6  layers  of  cells,  generally  is 
thicker,  at  least  in  places.   Possibly  P.  elliottii  var.  densa  obtained  genes 
for  the  thickened  hypoderm  as  well  as  the  grasslike  seedlings  from  P.  palus- 
tris or  from  a  common  ancestor.   Three-year-old  seedlings  of  Pinus  elliottii 
var.  elliottii  from  northern  Florida  seed  source  grown  near  La  Belle,  Fla., 
had  the  thin  hypoderm  of  2  layers  of  cells  characteristic  of  this  variety. 
However,  seedlings  in  general  do  not  develop  a  thickened  hypoderm  comparable 
to  that  found  in  needles  of  mature  trees. 

Inquiries  about  plantations  of  the  two  varieties  of  Pinus  elliottii 
growing  side  by  side,  including  those  projected  by  the  Florida  Forest  Ser- 
vice in  193^^  were  made.   Specimens  submitted  from  these  plantations  at 
Hillsborough  State  Park,  Fla.,  about  17  years  old  showed  the  differences  in 
hypoderm  thickness.   Plantations  of  slash  pine  about  the  same  age  at  High- 
lands Hammock  State  Park  near  Sebring,  Fla.,  were  visited.   This  locality 
was  the  source  of  the  seed  of  South  Florida  slash  pine  from  which  the  grass- 
like seedlings  were  first  observed  in  nurseries  in  193^*   However,  in  the 
absence  of  records,  the  seed  source  was  uncertain.   The  needles  examined  had 
thin  or  only  slightly  thickened  hypoderms. 

Plantations  of  Pinus  elliottii  var.  densa  in  northern  Florida  were 
sought.   Pine  specimens  from  Austin  Gary  Memorial  Forest  near  Gainesville, 
Fla.,  reported  to  be  from  southern  Florida  seed,  had  needle  anatomy  with  thin 
hypoderm  like  the  northern  variety. 

Specimens  from  near  Olustee,  Fla.,  reported  to  be  from  southern  Flori- 
da seeds,  were  examined  also.   Needles  from  one  plantation  showed  a  slightly 
thickened  hypoderm  of  2  or  3  layers  of  cells,  indicating  a  possible  southern 
Florida  origin.   However,  samples  from  another  planting  said  to  be  from  south- 
ern seed  agreed  with  the  northern  variety  in  the  thin  hypoderm. 

Future  studies  of  older  plantations  of  the  two  varieties  of  Pinus 
elliottii  and  Pinus  caribaea  may  show  whether  the  differences  observed  in 
thickness  of  needle  hypoderm  of  wild  trees  are  constant  or  in  part  correlated 
with  environmental  conditions.   The  thicker  hypoderm  tissues  are  found  south- 
ward in  habitats  progressively  more  xeric.   If  later  shown  to  be  variable, 
the  thickness  of  needle  hypoderm  would  not  be  a  reliable  character  for  iden- 
tification of  planted  pines. 
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SHAPE  OF  TREE 


One  characteristic  of  South  Florida  slash  pine  not  shown  in  speci- 
mens and  not  easily  described  is  the  distinctive  shape  of  the  crown  of 
mature  trees.   Mature  trees  of  the  virgin  forests  lack  the  straight  axis 
or  leader  characteristic  of  most  pines  and  other  conifers  but  have  a  forked 
axis  and  an  irregular,  spreading  crown,  often  slightly  flat-topped.   Photo- 
graphs (figs.  19;  20,  21,  22)  illustrate  the  shape,  which  possibly  is  re- 
lated to  climatic  conditions  or  to  more  open  forests  on  poor  sites  and  which 
might  not  be  associated  with  hereditary  differences.   The  trunks  of  large 
trees  in  flatwoods  of  Hendry  County  often  have  a  swollen  base  (fig.  8). 

Shaw  (1914,  pi.  29,  fig.  255)  under  P.  caribaea  sketched  the  habit 
of  a  tree  which  apparently  was  P.  elliottii  var.  elliottii,  as  a  tree  of 
P.  palustris  in  the  background  was  included  for  comparison.   This  spreading 
typical  slash  pine  tree  had  a  forked  axis  and  broad  open  crown  with,  several 
large,  ascending  to  nearly  horizontal  branches.   Pinus  caribaea  in  British 
Honduras  and  Guatemala  has  a  rounded  open  crown,  according  to  published 
photographs  (Lundell,  19^0,  pis.  2-k;    Loock,  1951). 

Mature  trees  of  South  Florida  slash  pine  average  somewhat  shorter 
than  corresponding  trees  of  typical  slash  pine.   However,  the  height  of 
typical  slash  pine  trees  gradually  becomes  20  feet  less  on  poorer  sites 
from  northern  Florida  south  to  central  Florida  also. 

Near  the  southern  limit  of  longleaf  pine  (P.  palustris  Mill.),  in 
central  Florida  north  of  Lake  Okeechobee,  trees  of  that  species  also  have 
an  irregular  spreading  crown.   While  passing  through  Wauchula,  Hardee 
County,  we  observed  short  longleaf  pines  with  bushy  spreading  tops  scattered 
in  the  grasslands  of  grass  and  dwarf  palmettos. 

J.  Cecil  King,  of  Lake  Wales,  Fla.,  sent  to  the  Forest  Service  Her- 
barium in  1951  specimens  of  this  form  of  longleaf  pine  from  central  Florida 
which  in  a  few  ways  is  like  South  Florida  slash  pine.   This  variation  was 
found  by  him  all  over  Polk  County  and  at  Plant  City,  Hillsborough  County, 
near  the  southern  limit  of  longleaf  pine  at  Lake  Okeechobee.   The  variation 
has  needles  mostly  in  3's  but  sometimes  in  bundles  of  4  or  5  and  relatively 
long,  3O-38  cm.  He  reports  other  differences:   slightly  smaller  size  and 
shorter,  irregular  spreading  crown  and  crooked  trunk,  bark  gray  black,  in- 
stead of  reddish  brown,  wood  dark  yellow  orange  instead  of  pale  yellow,  resin 
with  different  odor,  and  cones  slightly  larger  (15-I8  cm.  long)  than  typical 
longleaf  pine  in  that  area.   The  variation  is  confined  to  flatwoods,  while 
typical  longleaf  pine  grows  on  the  hills  as  well  as  flatwoods. 

These  differences  mostly  are  minor  and  insufficient  to  merit  recog- 
nition of  a  botanical  variety.   As  already  noted,  variations  in  niombers  of 
needles  occur  in  some  other  pines,  which  generally  have  a  larger  number 
southward  in  warmer  climates.   This  variation  of  longleaf  pine  parallels 
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Fig.  19. --Stand  of  South  Florida  slash  pine  on  limestone  outcrop  in  Dade  County,  Florida.   The 
older  trees  are  developing  flat-topped  crowns. 
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Fig.  20. --Young  South  Florida  slash  pine  show  different  branching  habit.   In  the  foreground  of 
the  picture  on  the  left,  in  Hendry  Co.,  is  a  27 -year-old  tree,  9  inches  in  diameter 
and  25  feet  tall.   It  is  beginning  to  show  the  typical  broad  and  flat-topped  crown. 
In  the  background  is  a  slender-crowned  tree  that  is  20-years  old,  5  inches  in  diam- 
eter, and  20  feet  tall.   In  the  picture  on  the  right,  20-foot  trees,  h   inches  in 
diameter,  differ  in  length  of  branch.  They  are  growing  on  very  thin  soil  on  a 
limestone  outcrop  in  Dade  County. 
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Fig.  21. --Some  saplings  of  South  Florida  slash  pine  have  few  side  branches.   In  this  picture 
from  Hendry  County,  the  unusual  sapling  is  10  feet  tall  and  unbranched. 
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Fig.  22. --South  Florida  slash  pine,  Dade  County,  Florida.  Note  unusual  shape 

of  sapling  at  left. 


that  of  slash  pine  in  occurring  at  the  southern  limit  of  the  species  in 
suhtropical  Florida  and  in  the  irregular  shape  of  the  trees. 


WOOD 


The  "wood  of  Pinus  elliottii  var.  densa,  which  is  marketed  as 
longleaf  yellow  pine,  differs  from  that  of  all  other  pines  of  southeastern 
United  States  in  its  greater  proportion  of  summerwood,  its  greater  hardness, 
and  its  greater  density  or  specific  gravity.   However,  the  wood  of  this 
variety  has  no  anatomical  structural  differences  from  that  of  P.  elliottii 
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var.  elliottii  or  other  species  of  the  southern  yellow  pine  group,  accord- 
ing to  examination  "by  the  Forest  Products  Laboratory  of  samples  from  Hendry 
County  in  southern  Florida.   In  fact,  the  different  species  of  the  southern 
yellow  pine  group  cannot  be  separated  on  the  basis  of  wood  alone^  with  the 
exception  of  longleaf  pine  when  the  pith  is  present  and  the  position  of  the 
sample  in  the  tree  is  known  (Wahlenberg,  19^6^  P-  15^  fig*  3)' 

Related  tropical  pines  in  the  West  Indies  and  Central  America  have 
similar  hard,  dense  woods.  As  early  as  1903  Rowlee  (1903)  observed  great 
density  and  large  amount  of  summerwood  in  the  Antillean  tropical  pines. 

It  is  not  known  whether  these  wood  properties  of  P.  elliottii  var. 
densa  are  correlated  with  hereditary  characteristics  of  this  variety  or  a 
result  of  the  environmental  conditions,  such  as  the  subtropical,  less  hijuiid 
climate.   In  time,  tests  of  wood  from  trees  of  this  variety  and  of  P.  elli- 
ottii var.  elliottii  planted  together  in  both  northern  and  southern  Florida 
should  reveal  the  answer. 

Differences  in  mechanical  properties  of  the  wood  of  the  two  varie- 
ties are  indicated  in  tests  made  at  the  Forest  Products  Laboratory  of  ship- 
ments from  different  localities  and  reported  by  Markwardt  and  Wilson  (1935, 
table  21).   Shipment  752,  from  Dade  County,  was  the  only  one  from  southern 
Florida  within  the  range  of  var.  densa,  while  shipment  31^  from  Nassau 
County  and  shipment  IO63  from  Columbia  County  were  from  the  northern  border 
of  Florida  and  shipment  1059  from  St.  Tammany  Parish,  La.,  all  within 
the  range  of  var.  elliottii.   These  tests  gave  a  specific  gravity  of  dry 
wood  of  var.  densa  as  .71?^  the  highest  value  of  any  of  the  native  pines, 
and  of  var.  elliottii,  .569  to  .662.   South  Florida  slash  pine  has  a  specific 
gravity  about  one-third  greater  than  other  southern  pines.   The  higher  por- 
tion of  dense  summerwood  adds  weight,  hardness,  and  strength. 

Detailed  tests  of  the  physical  properties  of  wood  of  South  Florida 
slash  pine  from  Hendry  County,  south  Florida,  were  made  by  Harry  W.  Cyphers, 


Jr._/   He  concluded  that  this  variety  possesses  physical  properties  which, 
in  general,  are  superior  to  those  of  the  northern  slash  pine  and  associated 
species  and  is  suitable  for  use  as  a  high-quality  timber  product.   His  tests 
indicated  that  the  wood  should  be  highly  suitable  for  construction  and 
building  materials,  including  high  class  structural  timber,  stringers, 
joists,  and  ties.   Also,  he  thought  it  might  be  quite  useful  in  car  con- 
struction for  sills,  siding,  roofing,  and  decking,  and  in  low  grade  of  lum- 
ber for  boxes  and  crating.   Other  suggested  uses  were  for  railroad  ties, 
paving  blocks,  flooring,  and  planing  mill  products. 

The  wood  from  l-ombering  operations  of  the  Atlantic  Land  and  Im- 
provement Co.,  La  Belle,  Fla.,  is  used  chiefly  for  structural  timbers  and 
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also  for  lumber.  Wall  panels  of  the  company's  local  office  made  from 
this  lumber  are  attractive  because  of  the  reddish  brown  heartwood.   South 
Florida  slash  pine  is  harvested  also  for  pulpwood. 

An  investigation  of  the  creosote  treating  characteristics  of 
South  Florida  slash  pine  was  made  by  Verne  F.  Bliss. 2/  He  found  the  wood 
to  be  receptive  to  preservative  with  creosote  oil. 

The  wood  of  P.  caribaea  formed  under  frostless  tropical  climates 
of  West  Indies  and  Central  America  has  annual  rings.  Growth  is  not  con- 
tinuous, but  there  is  a  dormant  period  probably  correlated  with  a  dry 
season.  In  January  1951  at  the  type  locality  on  Isle  of  Pines  the  grass 
around  the  pines  was  observed  to  be  dead.  Stumps  showed  annual  rings  of 
wood. 

In  Central  America  the  formation  of  additional  growth  rings  of 
wood  each  year  apparently  is  characteristic  and  may  serve  to  distinguish 
wood  of  P.  caribaea  from  that  of  P.  elliottii.   Fahnestock  and  Garrett 
(1938)  noted  these  differences.   In  timbers  from  Nicaragua  they  observed 
that  the  growth  rings  consisted  of  several  bands  of  early  and  late  wood_, 
usiially  two  or  more  narrow  preliminary  late -wood  bands  and  a  final  wider 
band.   Loock  (1951 )  mentioned  for  British  Hondiiras  the  clearly  defined 
growth  rings  with  dense  bands  of  siommerwood  and  one  or  more  narrow  second- 
ary rings  of  dense  wood  commonly  present  in  the  late  wood.   He  added 
that  the  secondary  rings  and  stratified  late  wood  are  a  diagnostic  feature 
of  pines  growing  under  subtropical  to  tropical  conditions. 


OLEORESIN 


A  minor  difference  between  the  two  varieties  of  P.  elliottii 
previously  noted  is  that  trees  of  South  Florida  slash  pine  are  not  worked 
commercially  for  resin,  apparently  because  the  resin  flows  poorly.   South 
Florida  is  not  included  in  the  map,  gura-naval- stores  productivity  zones, 
prepared  by  the  Forest  Survey,  Southern  Forest  Experiment  Station,  and 
published  by  Ostrom  (19^5) . 

However,  pieces  of  old  heartwood  and  stumps,  or  retort  wood,  of 
South  Florida  slash  pine  are  gathered  in  lumbering  operations  in  Hendiy 
and  Collier  counties  and  shipped  to  mills  for  resin  production  by  steam 
distillation  plants.   Sargent  (l884,  p.  202)  reported  that  turpentine 
was  occasionally  manufactured  in  south  Florida  from  this  pine.   Harper 


_5/  Bliss,  Verne  F.  A  study  of  the  effective  penetration  of  creosote  oil 
in  the  wood  of  slash  pine  from  south  Florida.   Unpublished  Master  of  Forestry 
thesis.  School  of  Forestry,  Duke  Univ.,  Durham,  N.  C.   19^9-   (Typewritten. 
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(191^^  p.  361)  stated  that  the  gum  does  not  flow  readily  and  that  very 
little  turpentine  was  obtained  from  this  pine.  He  predicted  invention 
of  some  method  for  utilizing  this  pine  profitably  for  naval  stores. 

Preliminary  analyses  by  the  Naval  Stores  Station^  Olustee,  Fla. , 
of  turpentines  of  the  two  varieties  of  slash  pine  have  not  revealed  signi- 
ficant differences  in  density,  refractive  index_,  or  optical  rotation. 

Islip  and  Mathews  (1950)  analyzed  oleoresin  from  P.  caribaea  in 
British  Honduras  and  found  it  normal,  the  turpentine  oil  of  good  quality, 
and  the  rosin  similar  in  character  to  commercial  American  rosin.   Paul 
J.  Shanlc  reports  that  resin  of  P.  caribaea  is  harvested  commercially  in 
Honduras  and  consumed  locally.   In  Cuba,  according  to  Albert  J.  Fors, 
resin  is  not  obtained  from  P.  caribaea  because  there  are  not  enough  pines 
of  suitable  diameter. 


DISEASE  RESISTANCE 


The  two  varieties  of  P.  elliottii  and  P.  caribaea  from  Cuba  all 
differ  markedly  in  resistance  to  the  fusiform  rust  of  southern  pines 
caused  by  Cronartiimi  fusi forme  (Pk. )  Hedge,  and  Hunt,  according  to  prelim- 
inary investigations  made  by  the  Division  of  Forest  Pathology,  Bureau  of 
Plant  Industry,  Soils,  and  Agricultural  Engineering,  U.  S.  Department  of 
Agriculture,  in  cooperation  with  the  Forest  Service.   These  young  experi- 
mental plantings  made  by  Paul  V.  Siggers  and  others  of  the  Division  of 
Forest  Pathology  on  the  Harrison  Experimental  Forest  in  southern  Mississippi 
were  also  a  source  of  specimens  for  our  study  of  needle  anatomy. 

A  preliminary  report  of  results  by  the  Division  of  Forest  Pathology 
is  summarized  in  the  following  quotation  from  the  annual  report  of  the 
Southern  Forest  Experiment  Station  (1950,  p.  59)« 

"A  native  'south  Florida'  strain  of  slash  pine  and  one  from  Cuba 
showed  striking  rust  resistance  and  susceptibility,  respectively,  in  geo- 
graphic seed  source  plantings.   In  a  south  Mississippi  planting,  for 
instance,  the  infections  after  2  years  in  the  field  are  k   percent  (south 
Florida)  and  66  percent  (Cuba),  as  compared  to  20  and  2k-   percent  for  north 
Florida  and  Mississippi  strains.   The  south  Florida  strain  differed  greatly 
in  growth  characteristics  and  appearance  from  all  other  collections  of  slash 
pine  within  the  United  States.  A  number  of  these  other  native  strains,  in 
several  plantings  ranging  from  3  to  7  years  old,  have  not  yet  revealed  any 
marked  differences  in  rust  resistance." 
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RELATIONSHIPS  OF  PINUS  ELLIOTTII  AND  P.  CARIBAEA 


Though  the  origin  and  history  of  Pinus  elliottii,  P.  caribaea, 
and  related  species  are  not  known,  some  evidence  on  the  relationships  of 
these  pines  may  be  obtained  from  studies  of  botanical  classification, 
present  distribution  of  species  and  floras,  plant  migration,  geological 
history,  and  other  sources. 

As  shown  by  botanical  characteristics,  most  of  the  species  of 
pines  of  southeastern  United  States  and  West  Indies  are  closely  related, 
and,  as  previously  stated,  most  were  placed  by  Shaw  (191^)  in  his  group 
Australes.   P.  tropicalis  Morelet  has  some  characters  suggesting  affini- 
ties with  this  group,  though  placed  by  Shaw  in  his  group  Lariciones,  all 
Old  World  species  except  two. 

Florin  (1933^  P-  1?)  accepting  P.  caribaea  in  its  broadest  sense, 
concluded  from  the  present  distribution  that  this  species  possessed  a 
larger,  more  or  less  connecting  area  before  the  Pliocene  epoch  but  became 
cut  up  in  Pliocene  and  in  more  recent  times  has  not  been  able  to  spread 
in  the  West  Indies. 

As  defined  here,  P.  caribaea  has  most  of  its  area  in  Central  Amer- 
ica but  is  present  also  in  Isle  of  Pines,  western  Cuba,  and  four  of  the 
larger  Bahama  Islands  at  the  northwestern  part  of  the  group  and  on  two  of 
the  Caicos  Islands  at  the  southeastern  end  but  not  on  many  small  islands. 
Its  range  is  greater  than  that  of  the  other  three  West  Indian  pines,  none 
of  which  occurs  on  the  Bahama  Islands  or  in  Central  America.   In  western 
Cuba  and  Isle  of  Pines  it  is  considerably  less  common  than  P.  tropicalis, 
which  is  endemic  to  these  two  islands.   The  larger,  disjunct  distribution 
of  P.  caribaea  suggests  a  relatively  great  age. 

Pinus  elliottii  var.  elliottii,  of  continuous  distribution  on  the 
Coastal  Plain  from  South  Carolina  to  Florida  and  Louisiana,  apparently  is 
of  more  recent  origin,  while  P.  elliottii  var.  densa  occupies  a  relatively 
new  habitat  on  the  southern  Florida  lowland  and  is  probably  very  young  in 
comparison. 

The  nearest  points  of  ranges  of  P.  caribaea  and  P.  elliottii  var. 
densa  are  not  between  the  Lower  Florida  Keys  and  western  Cuba  but  between 
Palm  Beach,  Fla.,  and  Great  Bahama  Island,  a  distance  of  about  6o  miles 
across  deep  water.  As  the  closest  forests  of  P.  elliottii  var.  elliottii 
are  a  slightly  farther  distance  to  the  northwest,  the  temperate  and  tropi- 
cal extreme  variations  are  separated  there  by  only  about  150  miles. 

The  main  problem  is  the  disjunct  occurrence  of  P.  caribaea  in  both 
West  Indies  and  Central  America.   It  is  not  known  in  which  direction  mi- 
gration may  have  occurred.   The  occurrence  of  P.  caribaea  on  six  or  more 
of  the  Bahama  Islands  and  the  absence  of  the  other  three  species  of  Cuban 
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pines  from  all  those  islands  suggest  either  a  more  rapid  rate  of  migration 
or  a  greater  age  for  the  first  and  indicate  also  that  migration  of  pines 
across  bodies  of  water  is  slow  and  irregular.  According  to  numbers  of 
widely  distributed  plant  species,  the  flora  of  the  West  Indies  is  related 
to  that  of  northern  South  America  (where  pines  are  absent),  to  that  of 
Central  America,  and  to  a  much  lesser  extent  to  south  Florida. 

In  analyzing  the  plant  affinities  between  Cuba  and  neighboring 
countries,  Seifriz  (19^3,  pp.  385-387)  noted  that  Cuba  is  l40  miles  from 
Florida  and  125  miles  from  Yucatan,  yet  its  flora  is  primarily  South  Amer- 
ican but  separated  by  60O  miles  of  water.   He  cited  four  routes  for  plant 
migration  by  Yucatan,  Florida,  Lesser  Antilles,  and  over  water  from  Vene- 
zuela and  agents,  such  as  hurricanes,  birds,  and  natural  rafts  (drifting 
logs).   He  mentioned  pine  and  oak,  neither  tropical,  as  suggesting  migra- 
tion from  the  United  States,  citing  Que re us  virginiana  Mill.,  live  oak  of 
southeastern  United  States,  as  also  found  in  western  Cuba  and  P.  caribaea 
as  common  in  Florida.   Though  he  concluded  that  the  major  portion  of 
Cuba's  plant  life  came  from  the  south,  there  were  strong  ties  with  south- 
ern North  America  through  Mexico  or  Florida.   He  noted  that  Isle  of  Pines 
was  a  part  of  western  Cuba  geologically,  ecologically,  and  floristically> 
that  there  had  been  recent  submergence,  and  that  emergence  of  about  50 
feet  would  unite  the  two. 

Many  interesting  disjunct  distributions  of  species  of  eastern 
United  States  in  the  highlands  of  Mexico  and  Central  America  have  been 
reported  by  Sharp  (19^6)  and  others.   Pinus  strobus  L. ,  eastern  white  pine, 
has  been  foiind  in  southern  Mexico  by  Martinez  (1939)  and  later  in  Guatemala. 

Some  plant  migration  in  the  West  Indies,  chiefly  of  beach  plants, 
doubtless  has  occurred  by  means  of  ocean  currents,  as  shown  by  the  detailed 
studies  of  Guppy  (1917) •   Winds,  particularly  hurricanes  from  the  southeast, 
may  have  aided  dispersal  to  the  United  States.   Migrating  birds  may  have 
distributed  seeds  of  some  kinds  to  islands.   During  the  long  geological 
periods  since  the  genus  Plnus  appeared,  some  migrations  by  slow  and  irregular 
steps  obviously  have  occurred. 

Inasmuch  as  pine  pollen  is  transported  long  distances  in  quantities 
by  the  wind,  migration  across  water  gaps  by  gene  infiltration  into  a  closely 
related  species  by  means  of  wind -borne  pollen  is  a  possibility.   Transport 
by  wind  would  be  from  the  West  Indies  to  Florida  and  Central  America.   In- 
cidentally, the  pollen  of  all  three  variations  of  pines  studied  was  found  to 
be  indistinguishable  in  size  and  shape. 

Bermuda,  a  small  isolated  volcanic  island  about  7OO  miles  northeast 
of  the  Bahama  Islands  and  ^4-00  miles  southeast  of  North  Carolina,  has  an  im-  - 
poverished  flora  of  seed  plants.   Britton  (1918,  pp.  vii-viii)  noted  that 
nearly  all  the  native  species  of  seed  plants  inhabit  the  West  Indies  or 
southern  Florida  or  both  and  concluded  that  they  originated  from  seeds  or 
other  parts  transported  from  the  North  American  mainland  or  West  Indies  by 


68 


wind,  ocean  currents,  and  birds.  There  are  no  pines,  and  the  only  native 
conifer  is  the  endemic  Bermuda  juniper,  Juniperus  bermudiana  L.,  the  most 
abundant  and  characteristic  tree  of  Bermuda.   It  is  related  to  J.  barba- 
densis  L.  (j.  lucayana  Britton),  of  the  northern  Bahama  Islands  and  Cuba. 
Britton  (1918,  p.  410 )  suggested  that  the  former  might  have  originated 
from  the  latter  by  a  seed  transported  by  a  migratory  bird,  and  differentia- 
tion through  long  isolation.  Similarly,  the  Azores  Islands,  located  8OO 
miles  off  the  coast  of  Portiigal,  have  a  juniper  ( J.  oxycedrus)  regarded  by 
some  as  a  distinct  variety,  but  no  pine  (Guppy,  191?^  PP'  409-^10,  ^4-30-432). 
Obviously,  migration  of  pines  is  limited  by  large  bodies  of  water  except 
through  pollen. 

Direct  information  on  P.  caribaea  and  P.  elliottii  from  the  fossil 
record  is  lacking.  For  example,  Hollick  ( 192^7  found  no  fossil  gymnosperms 
in  a  study  of  the  fossil  flora  of  the  West  Indies.  Pinus,  a  very  old  genus 
geologically,  was  in  eastern  United  States  throughout  the  Cretaceous  and 
Tertiary.  The  present  species  of  the  genus  in  Florida  probably  date  from 
Pleistocene  and  invaded  Florida  from  higher  areas  northward  which  remained 
land  during  the  Pleistocene  submergences. 

As  students  of  plant  and  animal  distribution  often  explain  irregular 
present  distribution  of  species  and  floras  partly  on  the  basis  of  former 
land  connections,  land  bridges,  or  continental  drift,  evidence  from  histori- 
cal geology  may  be  reviewed.  Campbell  (19^0)  concluded  that  peninsular 
Florida  has  been  submerged  throioghout  most  of  its  geological  history  between 
land  masses  of  southeastern  United  States  and  the  Greater  Antilles  and  that 
only  since  the  beginning  of  the  Pliocene  epoch  has  this  area  been  part  of 
North  America.   During  the  Pleistocene  epoch  there  were  various  fluctuations 
of  sea  level  in  Florida  controlled  by  alternate  accumulation  and  melting  of 
the  polar  and  subpolar  ice  caps.   The  levels  were  lowest  during  maximum  ex- 
tent of  Ice  sheets  and  highest  when  the  ice  melted. 

Cooke  (1939,  19^)  has  discussed  further  the  oscillations  of  sea 
level  in  the  four  main  Ice  ages  of  the  Pleistocene  epoch  and  noted  that  the 
accijunulation  and  wasting  of  the  continental  ice  caps  would  account  for  varia- 
tions of  perhaps  two  or  three  hundred  feet.   He  published  maps  of  the  shore 
line  of  Florida  at  different  stages,  showing  In  the  glacial  stages  the  main- 
land including  the  Florida  Keys  and  In  Interglaclal  stages  southern  Florida 
submerged.   The  most  recent  shore  line,  Pamlico,  which  was  preceded  by  a 
fall  of  about  60  feet  below  the  present  shore,  was  about  25  feet  above 
present  sea  level  and  probably  represents  the  mid-Wisconsin  recession.  All 
of  Florida  south  of  Lake  Okeechobee  was  then  submerged  except  an  Island  in 
the  vicinity  of  La  Belle  and  Immokalee.  Afterwards  there  was  an  undetermined 
lower  sea  level  and  a  rise  to  the  present  sea  level  (and  probably  still  con- 
tinuing) with  the  melting  of  the  Wisconsin  ice  cap. 

Schuchert's  (1935)  detailed  reference  on  the  historical  geology  of 
the  Antlllean-Carlbbean  region  Included  southeastern  United  States  and  Cen- 
tral America  as  well  as  the  West  Indies.   He  concluded  that  Florida  probably 
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was  never  connected  with  Cuba  or  Bahama  Islands.   His  maps  indicated  land 
connections  between  Central  America  and  the  Greater  Antilles  from  Honduras 
and  Nicaragua  to  Jamaica  and  Hispaniola  both  in  lower  Oligocene  and  from 
upper  Miocene  to  lower  Pliocene.   Isle  of  Pines  6o  miles  south  of  Cuba  was 
connected  with  Cuba  in  Pleistocene  time  and  became  separated  very  late  in 
Pleiostocene  or  recent  time. 

Woodson  (19^0),  citing  Schuchert,  noted  the  existence  of  a  "core" 
of  Central  America  in  highlands  of  Guatemala,  Hondioras,  and  northeastern 
Nicaragua,  which  had  had  no  major  submergence  since  at  least  Middle  Car- 
boniferous, and  another  "core"  in  the  highlands  of  interior  British  Hon- 
duras and  adjacent  Peten,  exposed  since  Cretaceous.   These  old  land  masses 
served  as  centers  of  survival  of  geologically  old  species  and  migration 
outward. 

Of  exceedingly  great  interest  to  this  study  as  well  as  to  numerous 
other  investigations  are  the  recent  natural  radiocarbon  measurements  by 
Kulp,  Feely,  and  Tryon  (1951)^  and  others.   By  the  carbon  Ik   method  of  age 
determination  discovered  by  W.  F.  Libby  and  others,  they  dated  two  samples 
from  Bermuda  associated  with  recent  fluctuations  in  ocean  level.  A  fossil 
"cedar"  log  (doubtless  Juniperus  bermudiana  L.,  mentioned  previously) 
dredged  from  a  harbor  at  Bermuda  was  foxmd  to  have  an  age  of  11, 5OO  ±   7OO 
years.   The  sample  is  representative  of  a  widespread  "cedar"  forest  now 
lying  under  10  to  30  feet  of  water  and  10  to  20  feet  of  mud  and  killed 
presumably  by  rise  in  sea  level  at  the  end  of  the  last,  or  Wisconsin, 
glacial  period.   This  age  determination  concurs  with  others  from  North  Amer- 
ica and  Europe  in  placing  the  termination  of  the  last  glacial  period  as 
about  11,000  years  ago. 

A  sample  of  Bermuda  peat  obtained  from  the  same  dredging  but  strati- 
graphically  above  the  "cedar"  forest  was  dated  as  6,900*150  years  old  and 
suggests  slow  rate  of  sea  level  rise  equivalent  to  rate  of  retreat  of  the 
Wisconsin  continental  glacier.   This  peat  sample  representing  a  higher  water 
stage  indicates  that  the  time  for  the  complete  melting  of  the  ice  sheet  must 
have  been  about  6,000  years. 

These  figures  date  the  fluctuations  in  sea  level  already  cited  from 
geological  evidence.   Thus,  as  recently  as  about  11,000  years  ago,  the  ocean 
sirrface  was  perhaps  60  feet  lower  than  now  because  of  removal  and  storage  of 
water  in  continental  ice  sheets.   At  that  time  the  Florida  Keys,  now  sepa- 
rated by  shallow  water  less  than  I7  feet  deep,  were  joined  northward  to  the 
mainland,  and  the  coastal  zone  now  occupied  by  South  Florida  slash  pine  was 
much  broader.   Also,  western  Cuba  and  Isle  of  Pines,  now  60  miles  distant, 
were  connected,  and  their  pine  forests  of  P.  tropicalis  and  P.  caribaea 
probably  were  continuous.   However,  then  and  now,  Florida  was  separated  from 
the  nearest  Bahama  Islands  and  Cuba  by  the  deep  Florida  Straits,  through 
which  the  Gulf  Stream  passes. 
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Though  Central  America  and  the  Greater  Antilles  were  separated  "by- 
deep  water  during  interglacial  stages,  the  water  gap  was  much  narrower  than 
at  present.  Then  migration  by  seeds  or  pollen  would  have  been  less  difficult 
than  now. 

Pinus  elliottii  var.  densa  with  an  altitudinal  range  from  about  5  to 
50  feet  or  more  above  sea  level,  mostly  less  than  25  feet,  obviously  has  been 
greatly  affected  by  the  fluctuating  sea  levels  of  the  Pleistocene  epoch.  Its 
entire  area  is  very  yoiing  geologically,  having  been  covered  by  ocean  waters 
in  the  interglacial  stages  and  the  area  up  to  25  feet,  nearly  all  the  present 
range,  was  submerged  by  the  Pamlico  sea  as  recently  as  the  mid-Wisconsin  re- 
cession (Davis,  19^3;  PP*  58-75^  fig"  26).  This  botanical  variety  of  ob- 
viously recent  origin  thus  has  become  established  on  a  newly  exposed  habitat 
which  moved  with  alternating  stages  of  submergence.   Likewise,  the  pine 
forests  of  P.  caribaea  on  the  mostly  low  Bahama  Islands  are  younger  than  the 
last  interglacial  stage. 

As  the  Florida  Keys  were  connected  with  the  mainland  during  the 
stages  of  glaciation,  the  range  of  this  new  variety  probably  became  continu- 
ous to  Big  Pine  Key  and  remained  so  until  somewhat  less  than  11,000  years 
ago.   Then,  as  in  the  case  of  the  juniper  at  Bermuda,  the  lower  forests  were 
submerged,  and  the  trees  may  have  migrated  to  slightly  higher  levels  above 
the  rising  shore  line. 

A  similar  migration  of  trees  and  other  plants  northward  across  Canada 
has  occurred  following  melting  of  the  last  ice  sheet  and  increase  in  tempera- 
tures.  These  migrations  have  also  included  plants  at  great  distances  south- 
ward, and  are  still  in  progress.   For  example,  Mattoon  (1936)  and  others  have 
reported  that  typical  slash  pine  is  naturally  migrating  northward  in  south- 
eastern United  States.   It  is  hardy  and  produces  seed  when  planted  moderate 
distances  north  of  the  natural  range. 

This  study  revealed  unexpected  relationship  and  some  apparent  gene 
interchange  among  three  pines  of  separate  ranges,  P.  palustris,  P.  elliottii 
var.  densa,  and  P.  tropicalis.  All  three  have  a  grasslike  almost  stemless 
seedling  stage,  while  other  pines  of  southeastern  United  States  and  West 
Indies  do  not,  so  far  as  known.   Vigorous  saplings  of  the  latter  two  pines 
often  are  without  lateral  branches  and  bear  long,  slightly  curving  and 
drooping  needles,  and  have  large  buds  with  whitish  scales,  as  in  P.  palustris. 
The  first  two  have  similar  leaf  anatomy  also. 

Chemical  analyses  of  the  oleoresins  may   reveal  additional  relation- 
ships.  Mirov  (19^^^)  summarized  results  from  various  studies  of  different 
species  of  Pinus  but  had  no  data  on  the  new  variety  nor  of  samples  from 
widely  separated  localities,  such  as  within  the  range  of  P.  caribaea. 
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SUMMARY 


Evidence  from  field  and  herbarium  studies,  as  well  as  experi- 
mental plantings,  shows  that  among  the  hard  pines  with  shiny  brown  cones 
generally  classified  as  Pinus  caribaea  Morelet  there  can  be  distinguished 
three  different  geographically  separated  populations  or  taxonomic  entities 
(taxa)  meriting  distinct  botanical  names. 

Pinus  caribaea  Morelet,  Caribbean  pine,  in  the  narrow  sense,  is  a 
tropical  species  of  the  West  Indies  and  Central  America.   Its  range  is 
Bahama  Islands  (six  or  more  islands),  western  Cuba,  Isle  of  Pines,  and 
Atlantic  slope  of  Central  America  in  British  Honduras,  eastern  Guatemala, 
northern  Honduras,  and  northeastern  Nicaragua,  and  perhaps  also  in  south- 
eastern Quintana  Roo,  Mexico.   It  is  characterized  by  needles  in  fascicles 
of  3  (sometimes  4  or  5  on  young  trees);  cones  usually  small  (5-10  cm.  long), 
with  small  weak  prickles  less  than  1  mm.  long;  seeds  narrowly  ovoid,  about 
twice  as  long  as  broad,  averaging  less  than  6  mm.  long,  wings  usually  re- 
maining attached. 

Pinus  elliottii  Engelm. ,  slash  pine,  a  name  already  used  by  some 
authors,  is  adopted  for  a  closely  related  species  including  the  two  enti- 
ties in  southeastern  United  States  as  botanical  varieties.   It  is  charac- 
terized by  needles  in  fascicles  of  2  and  3;  cones  usually  larger  (6-1^+  cm. 
long),  with  stout  prickles  1-2  mm.  long;  seeds  ovoid,  less  than  twice  as 
long  as  broad,  averaging  7  ™ni'  long,  wings  becoming  detached. 

Pinus  elliottii  var,  elliottii,  slash  pine  (typical),  the  fajniliar 
and  commerically  important  slash  pine,  is  widely  distributed  along  the 
warm, temperate  Coastal  Plain  from  southern  South  Carolina  to  central  Florida 
and  west  to  eastern  Louisiana.   It  has  needles  in  fascicles  of  2  and  3  and 
normal  seedlings  with  erect,  slender,  pencillike  stems. 

Pinus  elliottii  var.  densa  Little  &  Dorman,  South  Florida  slash  pine, 
has  been  published  as  a  new  variety  for  the  entity  restricted  to  subtropical 
south  Florida  north  to  Lake  Okeechobee  and  northward  along  both  coasts  in 
central  part  to  Volusia  and  Levy  counties.   It  has  needles  in  fascicles  of 
2  (infrequently  3);  seedling  with  grasslike,  almost  stemless  stage  with 
very  short  stem,  many  crowded  needles,  and  thick  tap  root.   The  trees  are 
generally  medium-sized  or  small,  with  axis  often  forking  into  large  branches, 
and  with  irregular,  flat-topped  and  spreading,  open  crown.   The  wood  is  very 
heavy  and  hard,  with  very  thick  summerwood.   The  resin  flows  poorly  and  is 
not  harvested  commercially. 

Nearly  all  specimens  of  the  three  named  entities  can  be  identified 
by  the  number  of  layers  of  cells  in  the  hypoderm  of  the  needle  cross  section. 
P.  elliottii  var.  elliottii  has  a  thin  hypoderm  of  only  2  (infrequently  3) 
layers.   P.  elliottii  var.  densa  has  a  thick  hypoderm  of  3  or  U  (infrequently 
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2  or  5)  layers.  P.  cari"baea  has  a  slightly  thicker  hypoderm  of  3  to  5 
(infrequently  2)  layers.   Number  of  resin  ducts  in  the  needle  cross 
section  varies  greatly  and  cannot  be  used  in  identification. 

Pinus  hondurensis  Loock,  recently  proposed  as  a  new  species  for 
the  segregate  pine  of  British  Honduras  and  Guatemala  and  probably  also 
Cuba,  is  reduced  to  a  synonym  of  P.  caribaea.   It  is  also  a  homonym  and 
perhaps  also  synonym  of  an  obscure  older  name,  P.  hondurensis  Seneclauze, 
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LUMBER  GRADE  YIELDS  IN  THE  LOBLOLLY -SHORTLEAF 
PINE  TYPE  BY  THE  SOUTHERN  PINE  LOG  GRADES 

by 

T.  A.  McClay 
Santee  Research  Center,  Charleston,  S.  C, 


The  U,  S.  Forest  Service  has  recently  developed  a  system  of  grading 
all  southern  pine  logs  being  saved  into  standard  yard  lumber.   This  log 
grading  system  provides  a  means  by  which  the  quality  of  southern  pine  logs 
as  expressed  by  yard  lumber  grade  recovery  or  dollar  value  per  thousand 
board  feet  may  be  estimated.   The  research  techniques  used  in  developing 
the  log  grades  show  that  these  grades  will  stratify  pine  logs  into  value 
groups  more  accurately  than  any  other  existing  set  of  log  grades.  With 
the  completion  of  the  research  phase  of  log  grade  development,  the  job 
now  is  to  determine  lumber  grade  yields  by  log  grade  under  varying  local 
conditions. i/ 

The  purpose  of  this  paper  is  to  present  lumber  grade  percentage  re- 
coveries and  relative  values  obtained  when  applying  this  log  grading  system 
at  two  separate  localities  in  the  lob  lolly --shortleaf  pine  type.   A  publica- 
tion which  discusses  more  fully  the  technical  derivation,  use,  and  inter- 
pretation of  the  log  grades  has  been  prepared  by  the  Southern  Forest  Experi- 
ment Station^/  and  may  be  obtained  upon  request. 


DEFINITIONS  AND  SPECIFICATIONS  OF  THE  LOG  GRADES 

The  basic  criterion  for  determining  the  grade  of  a  log  by  this  system 
is  the  diameter  inside  bark  at  the  small  end  auid  its  relation  to  the  number, 
size,  and  type  of  knots  present  (fig.  l).   Thus,  a  large-diameter  log  free 
of  knots  would  be  of  the  highest  grade,  while  a  small-diameter  log  with 
many  knots  would  be  of  the  lowest  grade.   Various  combinations  of  diameter 
and  knots  would  place  logs  somewhere  between  these  two  quality  extremes. 
Sweep,  wood-rot  fruiting  bodies,  and  excessive  dispersion  of  large  or  un- 
sound knots  are  secondary  factors  in  further  defining  the  grade  of  a  given 
log.   Detailed  definitions  and  specifications  of  these  interim  log  grades 
for  southern  pine  are  shown  in  (fig.  2). 


1/  Until- this  phase  of  field  testing  has  been  completed,  the  log 
grades  are  designated  as  Interim  U.  S.  Forest  Service  Standard  Grades. 

2/  U.  S.  Forest  Service.   Interim  log  grades  for  Southern  pine. 
Southern  Forest  Experiment  Station,  New  Orleans,  La.  1953. 
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Figure  1. — Knots  in  conjunction  with  log  size  are  the  primary  factors  in  determining  log  grade. 
Slab  views  show:  (l)  3-inch  sound  knot;  (2)  and  (3)  2-inch  overgrown  knots  in  two  stages  of 
development.  Any  knot  is  unsound  if  it  contains  advance  decay  extending  to  log  heart  or  a  hole 
larger  than  l/l+  inch  penetrating  more  than  2  inches. 
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INTERIM  LOG  GRADES  FOR  SOUTHERN  PINE 
(Based  on  unit  value  of  yard  lumber  outturn) 


Log 


Any  approximately  cylindrical  tree  section.      Common  usage  excludes  pieces 
with  length  less  than  8  feet  or  with  average  scaling  diameter  inside  bark  at 
small  end  smaller  than  4-1/2  inches.      Logs  longer  than  20  feet  are  beyond 
the  scope  of  this  table  unless  graded  as  several  shorter  logs. 


Face 


Any  quarter-cylindrical  surface   running  full  log  length. 


Overgrown       Any  invisible  branch  or  stub  buried  beneath  the  log  surface  but  indicated  by 
knot  a  surface  bunnp  or  disturbance  of  bark  pattern. 

Sound  Any  visible  branch,    stub,    or  socket  which  contains  neither  advance  decay 

knot  extending  to  log  heart  nor  any  hole  larger  than  1/4  inch  penetrating  more 

than  2  inches  (excludes  defects  defined  in  1948  SPIB  Rules  paragraph  12d 

and  12e). 

Unsound  Any  visible  branch,    stub,    or  socket  not  conforming  to  definition  of  sound 

knot  knot. 


D 
K 


Average  diameter  of  log  inside  bark  at  small  end  to  nearest  whole  inch. 

Number  of  overgrown  knots  plus   sum  of  diameters  of  sound  knots  plus  twice 
sum  of  diameters  of  unsound  knots.     Average  diameter  of  knots   should  be 
measured  to  nearest  whole  inch  at  point  where  limb  would  normally  be 
trimmed. 


Sweep  Greatest  deviation  of  longitudinal  log  axis  from  straight  line    connecting 

centers  of  each  end  of  log.      It  should  be  measured  to  nearest  whole  inch, 
and  is  analogous  to  the  middle  ordinate  of  an  arc. 


Bad 
knot 


Any  visible  knot  which  is   so  large  that  D  is  less  than  6  times  knot  diameter, 
or  any  unsound  knot. 


Interim  Southern  Pine  Yard  Lumber  Log  Grade  Criteria 


Log 
grade 


Minimum  diameter  and  maximum  aggregate  knot  criteria 


With  4  visible  faces 


With  3  visible  faces 


With  2  visible  faces 


D^17  and  5K=D 


D=17  and  7K=D 
D=10  and  3K=D<7K 


D=17  and  10K=D 


D=    5  and 


D<2K 


D=    5  and 


D<4K 


D=    5  and  D<3K 

D=    5,    but  not  qualified  for  higher  grade  after  compliance  with  following 
degrade  rules: 


(A)  Degrade  any  log  one  grade  if  D  equals  or  is  less  than  3  times   sweep 
of  at  least  3  inches. 

(B)  Then  degrade  any  non-Grade  4  log  one  grade  if  massed  heart-rot 
hyphae  visible  on  circumferential  log  surface  suggest  that  fruiting 
has  occurred  or  is  imminent. 

(C)  Then  degrade  any  Grade  3  log  to  Grade  4  if  "bad  knots"  are  too  dis- 
persed for  containment  in  a  90  degree  radial  sector  extending  1/4 
of  log  length. 

Figure  2. — All  factors   that  go  to  make  up  the  complete  log  grading  system  are   shown  above.     Sim- 
plified guides  and  short  cuts  may  be  obtained  from  the  Southeastern  Forest  Experiment  Station, 
P.   0.   Box  2570,   Ashevllle,   N.    C. 
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Under  any  system  of  log  grading  which  separates  logs  into  distinct 
and  independent  quality  classes,  there  may  be  some  misclassif ication  of 
those  logs  which  fall  in  the  borderline  zone  between  grades.  The  possi- 
bility of  such  misclassification  is  least  when  logs  are  graded  by  an  ex- 
amination of  four  faces.   However,  it  is  often  impossible  to  see  all  faces, 
as  in  a  deck  of  logs;  or  it  may  be  inconvenient  to  turn  each  individual  log 
while  grading.   This  difficulty  can  be  overcome  by  grading  on  the  basis  of 
two  or  three  faces.   If  the  grader  is  unbiased  and  does  not  consistently 
favor  either  the  best  or  worst  faces  on  the  logs,  a  satisfactory  estimate 
of  quality  can  be  obtained  in  most  cases.  Accuracy  of  quality  prediction 
is  least  when  grading  a  small  group  of  logs  such  as  a  truckload,  and  great- 
est when  applied  to  a  large  group  of  logs  such  as  a  day's  run.   In  the 
southern  Piedmont  study,  which  consisted  of  k2"J   logs,  there  was  practically 
no  difference  in  log  quality  index  by  log  grade  when  grading  by  either  two, 
three,  or  four  faces.  Grading  logs  on  a  3-face  basis  appears  to  offer  the 
best  combination  of  accuracy  and  practical  application. 


LUMBER  GRADE  YIELDS 

Grade-yield  studies  applying  the  log  grades  in  the  loblolly-shortleaf 
pine  type  have  been  made  in  two  localities — the  Coastal  Plain  of  South  Caro- 
lina and  the  southern  Piedmont  of  Georgia.   In  each  case  the  sawmill  was  a 
conventional  circular  mill  of  the  portable  type  equipped  with  an  edger. 
Lumber  grading  was  done  on  the  green  chain  by  a  company  grader  or  a  repre- 
sentative of  the  Southern  Pine  Inspection  Bureau.   The  mills  sawed  for  grade 
and  whenever  the  unit  value  of  a  board  could  be  increased  by  theoretical  end 
trimming,  the  grader  did  so. 

The  lumber  grade  percentage  recovery  by  log  d.i.b.  and  grade  for  each 
of  the  mill-scale  studies  is  shown  in  tables  1  and  2  and  in  graphic  form  in 
figures  3  and  h.     The  percentages  are  average  figures  taken  from  smoothed 
curves  and  are  based  on  rough  green  lumber  tally.  Although  the  logs  were  a 
mixture  of  shortleaf  and  loblolly  pine,  a  large  majority  were  of  the  latter 
species.  The  grade  yields  are  based  on  86l  logs  in  the  Coastal  Plain  and 
^4-27  logs  in  the  southern  Piedmont.  Four  additional  logs  in  each  study  were 
not  included  since  they  occurred  singly  in  d.i.b. -grade  categories  at  the 
extremes  of  the  range. 

The  generally  higher  grade  yie]ds  shown  in  table  2  for  the  southern 
Piedmont  as  compared  to  those  shown  in  table  1  for  the  Coastal  Plain  are 
due  in  part  to  the  nature  of  the  timber  stand  from  which  the  logs  were  cut. 
The  southern  Piedmont  timber  was  of  old-field  origin  and  consisted  largely 
of  residual  small  trees  which  had  been  left  after  logging  in  the  1920' s. 
These  well-pruned  trees  had  grown  to  sawtimber  size  by  the  time  of  cutting. 
The  Coastal  Plain  timber  was  forest  grown  and  the  logs  came  from  an  improve- 
ment cut  consisting  mainly  of  understory  trees,  poor  risks,  and  rough  domi- 
nants.  In  addition,  almost  all  of  the  grade-2  logs  in  the  southern  Piedmont 
were  butt  logs  as  compared  to  only  two-thirds  of  the  Coastal  Plain  grade-2 
logs.  Although  lumber  grade  yield  from  a  Coastal  Plain  grade-2  butt  would 
be  slightly  higher  than  the  average  shown  for  grade-2  logs  in  table  1,  it 
would  not  be  as  high  as  a  southern  Piedmont  grade-2  butt  because  of  the 
added  effect  of  early  pruning  inherent  in  the  latter, 
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These  differences  indicate  the  desirability  for  mills  to  make  a 
simple  grade-yield  study  for  the  general  run  of  timber  in  their  locality 
and  under  their  particular  manufacturing  conditions.   Such  a  study  would 
provide  local,  on-the-spot  grade  recoveries  which  are  more  applicable 
locally  than  table  values  obtained  elsewhere. 


BOARD  WIDTHS  BY  LOG  DIAMETER 

A  large -diameter  log  of  a  given  grade  has  a  greater  value  per 
board  foot  than  a  small-diameter  log  of  the  same  grade,  because  of  the 
wider  boards  obtainable  from  the  large  log.  Both  of  the  circular  mills 
used  in  this  study  produced  similar  board-width  yields  from  logs  of  a 
given  diameter.   The  percentages  of  board  widths  produced  by  logs  of  dif- 
ferent diameter  and  based  on  average  values  for  smoothed  curves  are  shown 
in  table  3  and  figure  5* 

Although  the  value  of  a  log  or  group  of  logs  can  be  estimated  from 
the  percentage  recovery  in  tables  1,  2,  3>  "the  procedure  is  cumbersome. 
Log  value  may  be  more  easily  obtained  through  the  use  of  a  log  quality  in- 
dex which  expresses  grade  and  width  recovery  in  a  single  number.   The  index 
is  based  upon  the  fact  that  while  lumber  markets  fluctuate  widely,  the  values 
of  different  grades  of  lumber  tend  to  remain  in  constant  ratio  to  one  another, 
Thus,  in  the  present  study,  boards  of  No,  2  Common,  standard  length,  1x8, 
kiln  dried,  S^S,  were  assigned  a  lumber  value  index  of  100,  Higher  grades 
and  greater  widths  have  indices  greater  than  100;  lower  grades  ajid  narrower 
boards  have  lower  indices.  The  quality  index  of  a  log  is  obtained  by  multi- 
plying the  board  volume  of  each  lumber  item  by  its  lumber  value  index  and 
dividing  the  sum  of  these  weighted  values  by  the  total  lumber  tally  of  the 
log. 


LOG  QUALITY  INDICES 

A  log  quality  index  so  obtained  thus  represents  the  average  value 
per  thousand  board  feet  of  dry  lumber  from  the  log  and  is  based  on  the  price 
of  No,  2  Common  8-inch  boards.  For  example,  if  a  log  had  a  quality  index  of 
110,  and  the  No.  2  Common  price  was  $80.00  per  MBM,  the  lumber  yielded  from 
the  log  would  have  an  estimated  value  of  (llO  x  .80),  or  $88.00  per  MBM 
f.o.b.  car.   Log  quality  indices  from  each  of  the  grade  yield  studies  are 
shown  in  table  k   and  figure  6.   These  indices  were  computed  from  basic  data 
comprising  tables  1,  2,  and  3^  and  represent  average  values  from  smoothed 
curves. 

It  would  not  be  necessary  to  use  the  individual  quality  index  given 
for  each  log  d.i.b.  and  grade  unless  the  utilized  logs  tended  to  be  spread 
over  a  wide  size-range  within  grade  and  with  an  uneven  distribution.  A  more 
practical  use  of  quality  index  would  be  to  estimate  the  average  diameter 
within  grade  of  the  usual  run  of  logs  and  use  the  quality  index  of  that  log 
diameter. 
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Table  1. — Average  percentage  yard  lumber  grade  recovery  by  log  diameters 

and  grades--loblolly-shortleaf  pine  type  in  the  central  Atlantic 
Coastal  Plain  near  Charleston.  S.  C. 
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16 

14 

11 

26 

48 

1 

20   : 

1 

4 

7 

77 

11 

16 

17 

li^ 

12 

24 

48 

2 

8   : 

-- 

5 

6 

78 

11 

8 

18 

15 

12 

23 

48 

2 

7   : 

— 

5 

5 

79 

11 

0 

19 

16 

12 

21 

48 

3 

3   : 

9- 

5 

4 

80 

11 

5 

20 

16 

12 

19 

49 

3 

0   : 

— 

5 

4 

80 

11 

0 

Average 

13 

10 

29 

47 

1 

1 

3 

8 

80 

8 

Table  2, — Average  percentage  yard  lumber  grade  recovery  by  log  diameters 

and  grades— lob lolly-shortleaf  pine  type  in  the  southern  Piedmont 
near  Macon,  Georgia 


Log 

Log  grade 

li/ 

Log 

grade 

2 

d.i.b. 
(inches) 

Lumber  grade 

Basis  ] 

Lumber  grade 

Basis 

B&Btr 

;  c 

:  IC 

;  20 

;  3c 

B&Btr 

!  C 

:  ic 

:  20 

• 

;  3c 

Number  ' 

Number 

Percent  of  rough  green 

of  logs : 

Percent  of  rough  green 
k3          20   3^^    1 

of  logs 

10 

9 

11 

— 

.  — 

— 

— 

-- 

: 

kl 

19 

31 

3 

— 

16 

12 

— 

— 

— 

— 

— 

—   : 

k9 

18 

28 

5 

-- 

15 

13 

— 

— 

— 

— 

— 

: 

51 

16 

26 

6 

1 

15 

Ik 

— 

— 

— 

— 

— 

: 

53 

15 

23 

7 

2 

9 

15 

— 

— 

— 

— 

— 

: 

55 

Ik 

21 

8 

2 

5 

16 

— 

— 

— 

— 

— 

: 

56 

13 

20 

9 

2 

i+ 

Average 

50 

18 

26 

5 

1 

Log  g 

rade 

3 

Log 

grade 

i| 

6 

1 

2 

69 

28 

k 

38 

56 

6 

4 

7 

5 

5 

60 

30 

-- 

12 

: 

1 

3^ 

60 

5 

27 

8 

9 

8 

52 

31 

-- 

18 

:   2 

3 

29 

62 

i+ 

51 

9 

12 

9 

k6 

32 

1 

19 

:   3 

k 

26 

6k 

3 

kQ 

10 

Ik 

10 

ko 

3k 

2 

26 

:  k 

5 

23 

65 

3 

25 

11 

16 

11 

35 

36 

2 

16 

■      5 

5 

21 

67 

2 

30 

12 

18 

12 

30 

37 

3 

23 

:   6 

6 

20 

67 

1 

5 

13 

18 

13 

28 

38 

3 

13 

:   6 

6 

19 

68 

1 

8 

Ik 

19 

13 

25 

39 

k 

13 

:   6 

6 

19 

68 

1 

3 

15 

19 

li^ 

2k 

39 

k 

7 

:   6 

6 

18 

69 

1 

0 

16 

20 

15 

22 

39 

k 

2 

:   6 

6 

18 

69 

1 

0 

Average 

IT 

12 

35 

3^ 

2 

\      k 

k 

25 

6k 

3 

l/  None  of  the  logs  in  the  southern  Piedmont  study  was  large  enough  to 
meet  the  diameter  requirements  for  grade  1  logs. 
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Table  3. — Board  width  percentages  of  rough  green  lumber 
sawn  from  pine  logs  by  circular  mills 


Log  d.i.b, 
( inches) 


k   in, 


Board  width 


6  in.  '  8  in.  '  10 


m. 


12  in. 


6 

7 
8 

9 
10 
11 
12 

13 
li+ 

15 
16 

17 
18 

19 
20 
21 
22 


-   - 

-   -    -    - 

-  Percent 

100 

~~ 

__ 

90 

10 

— 

h3 

57 

— 

31 

69 

— 

25 

6k 

11 

15 

kl 

kk 

11 

2k 

65 

7 

22 

63 

h 

17 

35 

3 

Ik 

22 

3 

11 

17 

2 
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15 

2 
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13 

2 

5 

11 

1 

5 

9 

1 

5 

8 

1 
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8 
k2 

53 
kk 

21 
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14 
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li^ 
Ik 
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Figure  5- — Board  width  percentages  of  rough  green  lumber  sawn  from  pine  logs  by  circular  mills. 
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Table  h, — Average  log  quality  Ind 


•    1/ 
ices—' 


by  log  grade  and  diameter  for 


short leaf  and  loblolly  pine,  on  a  mill  tally  basis 


Atlantic  C 

oastal 

Plain 

Southern 

Piedmont 

Log 

[   near 

Charleston, 

S.  C. 

near  Macon,  Ga, 

d.i.b. 

(inches) 

Log 

grade 

Log  grade 

■   1 

;     2 

:   3 

;  h 

•    1 

!    2 

:   3   : 

4 

-  - 

-  -  Index  - 

-  -  - 

: 

■  -  -  -  Index  -  -  - 

- 

6 

__ 

__ 

125 

98 

•  — — 

^  _ 

134 

113 

7 

-- 

— 

128 

100 

. 

-- 

136 

115 

8 

-- 

-- 

130 

102 

. 

— 

139 

116 

9 

— 

-- 

132 

103 

. 

-- 

li+1 

118 

10 

-- 

160 

135 

lOi^ 

. 

179 

li+3 

119 

11 

— 

165 

138 

106 

-- 

l8i^ 

146 

120 

12 

— 

170 

li+0 

107 

-- 

189 

148 

122 

13 

-- 

176 

142 

108 

. 

194 

151 

123 

Ik 

— 

181 

li^5 

110 

-- 

200 

153 

125 

15 

-- 

186 

1^7 

111 

. 

205 

156 

126 

16 

— 

192 

150 

112 

. 

210 

158 

127 

17 

230 

197 

152 

111+ 

. 

-- 

— 

— 

18 

236 

202 

154 

115 

. 

— 

— 

__ 

19 

2kr2 

207 

156 

116 

. 

— 

-- 

— 

20 

2h^ 

212 

159 

117 

. 

— 

— 

-- 

21 

255 

218 

-- 

-- 

. 

__ 

— 

— 

22 

262 

223 

-- 

— 

: 

— 

-- 

-- 

Average 

2h\ 

190 

11^6 

107    ; 

189 

146 

118 

1/  In  these  indices  the  f.o.b.  car  price  of  No.  2  Common,  stand- 
ard length,  1x8,  kiln  dried,  S4S  boards  has  an  index  value  of  100. 
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12        14        16 
Log  d.i.b.  (inches) 

Figure  6. — Average  log  quality  indices  by  log  grade  and  diameter  for  shortleaf  and  loblolly  pine, 

on  a  mill  tally  basis. 

Log  quality  index  may  be  converted  from  mill  tally  to  gross  or  net 
log  scale  upon  multiplying  by  the  ratio  mill  tally  •?  log  scale.   These 
ratios  should  be  determined  by  log  grade  separately  and,  depending  on  the 
log  scale  used,  by  log  d.i.b.  as  well. 

Upon  deducting  logging  and  milling  costs  and  an  appropriate  margin 
for  profit  and  risk,  a  fair  appraisal  of  log  worth  per  MBM  log  scale  at 
any  point  in  the  conversion  process  can  be  determined. 


TREE-GRADING  SYSTEM  NEEDED 

Many  foresters  and  timberland  owners  have  indicated  a  need  for  a 
practical  method  by  which  the  quality  of  a  standing  tree  may  be  estimated. 
One  obvious  way  would  be  to  grade  all  the  logs  in  the  tree  by  the  log 
grade  specifications.  A  weighted  average  of  the  log  quality  indices  would 
provide  a  tree  quality  index.  Whether  or  not  a  simpler  and  yet  sufficient- 
ly reliable  method  of  tree  grading  is  possible  is  still  to  be  determined. 
Preliminary  tests  have  shown  that  trees  may  be  segregated  into  quality 
classes  by  log-graddng  the  butt  log  only.   This  rests  upon  the  assumption 
that  the  variation  in  log  grade  of  the  upper  logs  in  a  tree  with  a  given 
butt-log  grade  does  not  seriously  alter  the  quality  estimate  of  the  tree 
as  a  whole.   It  may  prove  desirable  to  reduce  the  effect  of  this  upper 
log  variation  by  associating  total  merchantable  height  and/or  d.b.h.  with 
the  butt-log  grade.  With  the  investigation  of  a  log  grading  system  com- 
pleted, research  effort  can  now  be  directed  toward  the  problem  of  tree 
grades. 
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METHODS  OF  SOIL  MOISTURE  DETERMINATION  UNDER  FIELD  CONDITIONS 

by 

David  F.  Olson,  Jr.,  and  Marvin  D.  Hoover 


CLASSIFICATION  OF  METHODS 


The  determination  of  soil  moisture  under  field  conditions  is  of 
vital  importance  to  the  agronomist,  forester,  hydrologist,  and  engineer, 
Those  dealing  in  the  plant  sciences  are  primarily  interested  in  the 
amount  of  water  that  is  available  to  plants  under  various  environmental 
conditions;  the  hydrologist  and  engineer  are  also  concerned  with  soil 
moisture  existing  in  the  range  above  the  field  capacity  and  below  the 
permanent  wilting  percentage.   Continuous  soil  moisture  measurement  is 
necessary  for  full  understanding  of  the  nature  of  soil  moisture  move- 
ment, but  limited  studies  of  soil  moisture  are  often  needed  as  well. 
Any  method  of  continuously  determining  soil  moisture,  in  order  to  be 
universally  acceptable,  must  be  accurate  in  the  complete  range  of  soil 
moisture  content  from  air-dryness  to  saturation.   In  practice  no  single 
method  fulfills  the  above  requirement,  although  the  use  of  fabric  elec- 
trical soil  moisture  units  gives  promise  of  doing  so  (Q;^;  10, 11, 33) • 
Recently,  researchers  have  been  studying  methods  employing  radio-active 
materials  as  well  (6).  At  present  most  investigators  rely  on  a  combina- 
tion of  two  or  more  methods  if  they  are  interested  in  studying  the  com- 
plete range  of  soil  moisture. 

Kelley,  et  al.  (20)  in  19^6  admirably  compared  some  of  the  impor- 
tant methods  of  measuring  soil  moisture  under  field  conditions  and  gave 
an  excellent  outline  classifying  these  methods  as  follows: 

1.  Methods  based  upon  gravimetric  measurements 

a.  Determination  of  moisture  in  soil  samples 

b.  Determination  of  moisture  in  porous  media  in 
moisture  equilibrium  with  the  soil 


2.  Methods  which  depend  upon  the  electrical  properties 
of  soil  or  porous  media  in  moisture  equilibrium  with 
the  soil 

a.  Conductance  or  resistance  methods 

b.  Capacitance  methods 

c.  Dielectric  methods 

3.  Methods  based  upon  the  thermal  properties  of  the  soil 
or  porous  media  in  moisture  equilibrium  with  the  soil 

k.  Methods  which  depend  upon  the  measurement  of  the 
equilibrium  tension  on  the  water  in  a  porous  pot 
in  contact  with  the  soil 

5.  Methods  dependent  upon  the  resistance  of  the  soil  to 
penetration  or  deformation 

In  the  gravimetric  method  of  soil  moisture  determination  samples 
are  removed.  Other  methods  can  be  used  in  which  the  soil  remains  in  situ, 


THE  GRAVIMETRIC  METHOD 

Direct  Sampling 

The  classical  and  only  primary  method  of  determining  soil  moisture 
quantitatively  is  to  determine  it  gravimetrically  on  soil  samples  which 
are  placed  in  airtight  containers,  weighed,  dried  to  constant  weight  at 
105°  C,  and  reweighed.  Water  is  reported  as  a  percent  of  the  oven-dry 
weight  of  soil  (Pw),  This  is  the  standard  method  for  determining  soil 
moisture. 

This  gravimetric  method  is  well  adapted  for  certain  soil  moisture 
measurements,  such  as  comparing  moisture  levels  under  various  types  of 
plant  cover  or  treatments,  ascertaining  proper  planting  time,  or  determin- 
ing optimum  tillage  conditions.   In  such  cases  where  it  is  often  neither 
necessary  nor  feasible  to  determine  soil  moisture  continuously,  a  few 
soil  samples  will  furnish  data  within  2k   to  kQ   hours  total  elapsed  time. 
In  the  limited-survey  type  of  study  the  time  factor  is  unimportant,  and 
the  gravimetric  method  is  superior  to  all  others  in  measuring  soil  mois- 
ture. 

The  initial  requirement  of  soil  moisture  sampling  is  to  obtain 
samples  of  soil  which  are  representative  of  specific  soil  depths.  Secondly, 
these  samples  must  be  placed  in  nearly  airtight  containers  in  order  to  mini- 
mize evaporation  losses  during  handling.  They  must  then  be  accurately 
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weighed,  dried  to  constant  weight  at 
105°  C.,  and  oven-dry  weight  obtain- 
ed.  It  is  often  desirable  also  to 
obtain  the  weight  of  rock  (2  mm,  and 
larger  diameter).  Several  soil  sam- 
pling techniques  have  been  devised. 
Those  in  use  at  the  Calhoun  Experi- 
mental Forest,  near  Union,  S.  C,  are 
described  below  in  detail. 

In  the  majority  of  soil  mois- 
ture investigations,  the  moisture 
content  of  the  soil  from  the  surface 
through  a  given  soil  depth  must  be 
determined.  For  this  purpose  soil 
tubesi/  which  are  driven  with  an  im- 
pact hammer  are  used  in  work  at  the 
Calhoun  Experimental  Forest.   Soil 
tubes  make  it  possible  to  extract 
samples  without  danger  of  contamina- 
tion with  other  soil,  and  with  little 
damage  to  the  site  (fig.  l).  By  mark- 
ing the  tube  at  specified  intervals, 
soil  cores  of  any  length  can  be  ob- 
tained.  It  will  be  found  convenient 
to  drive  the  tube  only  6  inches  before 
withdrawal.  Each  6-inch  soil  sample 
is  removed  from  the  tube  and  placed  in 
a  marked  can.  The  soil  tube  is  then 
driven  into  the  same  hole  for  deeper 
samples  (fig.  2).   In  practice,  the 
depths  of  sampling  should  conform  to   i 
soil  horizons  or  layers  so  that  a  giveni 
sample  does  not  include  different  types  ft" 
of  soil  material.   The  tube  does  not   f^'^^9 
take  a  good  sample  from  the  surface  f ew f  *^^V ^^^4- 
inches  when  the  soil  is  loose,  as  in   !^'""^'*'^0^ 
forest  areas.   It  is  convenient  to  saxa-f'^S^^,/'^^ 
pie  this  surface  layer  with  a  spoon  or 
garden  trowel. 


Figure  1. — Driving  soil  tube.   The  hammer  is  in 
the  man's  right  hand.   A  convenient  box  for 
carrying  soil  sampling  cans  is  also  shown.   Keep- 
ing cans  in  the  same  order  throughout  the  job  to 
final  oven-dry  weight  speeds  up  the  work. 


1/  The  soil  tubes  used  were  manufactured  by  R.  C.  Jordon,  h6l6 
Olivewood  St.,  Riverside,  California.  They  are  made  of  l6-gage  steel, 
have  an  outside  diameter  of  I-I/8  inch  and  an  inside  diameter  of  1  inch, 
and  are  obtainable  in  lengths  from  3  "to  20  feet. 
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For  most  work  a  k--   to  6-foot  tube  is  sufficient.  Soil  tube  points 
are  made  of  high-grade  tempered  steel,  are  removable,  and  have  a  taper 
hole  approximately  '^/k   inch  at  the  tip  end  and  I5/16  inch  at  the  top  end. 
Points  are  obtainable  with  taper  designed  for  sampling  in  specific  soil 
materials.   Impact  hammers  are  made  of  cast  iron  or  steel  and  may  be  1^ 
or  16  pounds.  The  tubes  are  equipped  with  flanges  at  the  top,  which  fit 
into  slots  in  the  hammer.  This  arrangement  is  for  the  purpose  of  pulling 
the  tube  out  of  the  ground. 

When  sampling  in  tough,  dry  soils,  it  is  often  difficult  to  pull 
the  tube  by  hand.  Soil  tube  jacks  with  gripper  jaws  are  useful  for  these 
situations,  and  increase  the  efficiency  of  the  sampling  operation  (fig.  3) 

It  is  good  practice  always  to  back-fill  soil  tube  sampling  holes 
with  similar  soil  material  and  tamp  them  firmly.  An  iron  pipe  plugged  in 
one  end  and  of  the  same  diameter  as  the  tube  makes  an  excellent  tamping 
rod. 


Figure  2. — Pulling  soil  tube.   The  driving 
hammer  is  slotted  for  flanges  on  the  tube. 
Two  men  can  usually  pull  a  tube  from  depths 
of  k   feet. 


'x,4^M:y'f  ''^Mi^:^^'^Jbd^'^i^i^' 
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Figure  3. — Use  of  jack  to  pull  soil  tube.   One  man  unassisted  can  collect 
moisture  samples  with  a  jack  to  pull  the  tube.   A  jack  Is  needed  by  a  2- 
man  crew  when  sampling  at  depths  below  4  to  6  feet  when  soils  are  dry. 

The  soil  moisture  sampling  cans  used  are  tinned  iron  boxes  No.  G 
about  3  inches  in  diameter  and  2  inches  deep^  and  hold  approximately 
230  cc.2/  The  cans  are  made  with  a  tight  fitting  lid.  V/hile  samples 
are  being  taken  in  the  field,  they  are  kept  in  a  covered  back-pack  box 
for  easy  transport  to  the  laboratory  (fig.  h) . 

A  simple  form  for  use  in  keeping  field  records,  weighings,  and 
computations  is  shown  in  figure  5.  Fresh  weights  of  the  samples  are 
obtained  as  soon  as  they  are  brought  in  from  the  field.   A  balance  accur- 
ate to  0.1  gram  is  used.   The  weighing  job  can  be  speeded  up  considerably 
by  use  of  a  direct  weighing  scale.  At  this  laboratory,  samples  are  weighed 
first  to  the  nearest  O.5  gram  on  a  direct  weighing  scale  to  speed  up  the 
final  weighing  on  a  torsion  balance. 


2/  Supplied  by  Central  Scientific  Company,  of  Chicago,  111. 
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Sample  can  lids  are  removed  and  the  samples  are  then  dried  in  an 
oven.   Any  oven  in  which  temperature  can  be  regulated  between  100°  to 
110°  C.  can  be  used.   The  standard  drying  temperature  is  105°  C,  but 
100°  may  be  found  better  for  clay  soils  or  soils  of  high  organic  con- 
tent to  avoid  driving  off  water  of  hydration  or  volatile  organic  sub- 
stances. On  the  Calhoun  Experimental  Forest  a  forced-draft  oven  is 
used  and  constant  weight  is  reached  in  12  to  l6  hours  of  drying.   In 
using  ovens  without  forced  draft,  longer  drying  periods  are  necessary. 

After  oven-dry  weight  has  been  obtained,  soil  samples  which  have 
an  estimated  rock  content  of  2  percent  by  weight  or  greater  are  washed 
through  a  standard  2-mm.  sieve.  The  oven-dry  weight  of  the  material 
retained  on  the  sieve  is  the  weight  of  rock,  and  is  recorded  in  the 
proper  place  on  the  form.   The  removal  of  rock  makes  possible  the  direct 
comparison  of  quantities  of  soil  moisture  in  soils  with  varying  rock 
content,  which  would  otherwise  be  impossible. 

Tare  weights  of  the  sampling  cans  are  redetermined  twice  annually 
and  are  recorded  in  tabular  form  to  the  nearest  0,1  gram  for  rapid  use 
in  all  computations. 

The  computations  to  obtain  soil  moisture  content  in  percent  of 
oven-dry  weight,  percent  by  volume,  and  inches  of  water  are  then  made 
as  follows : 

(1)  Net  oven-dry  weight  =  oven-dry  weight  -  (tare 
weight  +  weight  of  rock) 

(2)  Weight  of  water  =  fresh  weight  -  oven-dry  weight 

, ^\      p^  _  weight  of  water  x  100 
net  oven-dry  weight 

(k)      Pv  =  Pw  X  bulk  density  of  soil 

f  ^\      -r     -u          -c  ^            Pvx  inches  of  soil  represented 
(5 J   Inches  of  water  =  r-rjr '^ 

Pw  is  moisture  as  percent  of  dry  weight,  and  Pv  is  moisture  as  percent 
of  volume.   These  expressions  are  discussed  in  more  detail  in  the  section 
of  this  paper  headed  "USE  OF  SOIL  MOISTURE  DATA." 

Having  discussed  the  techniques  involved  in  soil  moisture  sampling, 
certain  disadvantages  of  the  gravimetric  method  for  continuous  soil  moisture 
measurement  are  apparent.   First,  there  is  a  definite  physical  limit  imposed 
on  the  number  of  samples  which  can  be  collected  in  a  single  day.   Time  is 
always  an  important  factor  in  continuous  soil  moisture  studies,  since  they 
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deal  wiuh  the  most  dynamic  of  all  soil  characteristics.  For  example ;, 
suppose  one  wished  to  measure  soil  moisture  on  a  40-acre  watershed 
every  day  for  one  week  following  a  storm  of  several  inches,  and  sup- 
pose, further,  that  there  were  available  only  one  two-man  crew  and 
equipment  for  the  job.   The  number  of  sampling  points  established  for 
daily  remeasurement  following  this  storm  would  be  limited  by  the  amount 
of  work  possible  in  a  single  day  by  these  two  men.   Time  must  be  allowed 
for  weighing  samples  and  sieving  rock.   These  limitations  alone  point  up 
why  a  continuous  measure  of  soil  moisture  in  the  field  is  desirable,  and 
why  so  much  research  effort  has  been  devoted  to  its  development  in  the 
past  60  years. 


A  second  serious  disadvantage  of  the  gravimetric  method  is  that 
removal  of  soil  samples  for  moisture  determination  destroys  the  plot 
being  studied.   A  common  procedure  in  using  soil  sampling  for  continuous 
determination  is  to  collect  samples  from  the  various  depths  in  a  series 
of  holes  and  to  return  at  regular  intervals  to  remeasure  the  same  plot. 
Obviously  the  exact  locations  can  never  be  remeasured,  and  this  intro- 
duces appreciable  error  in  the  results  due  to  natural  soil  variability. 


Figure  h. — The  essential  sampling  equipment  is  readily  portable, 
sample  cans  is  carried  on  a  pack  board. 


The  box  for 
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Figure  5. — Form  used  for  soil  moisture  sample  records  and  calculations  at  the  Calhoun 

Experimental  Forest. 


-  8  - 


Careful  back-filling  and  tamping  of  sampling  holes  with  similar  soil 
material  reduces  the  chance  for  water  to  seep  down  the  old  holes  but 
does  not  remedy  the  main  cause  for  error. 

A  third  disadvantage  of  the  gravimetric  method  for  continuous 
determination  is  caused  by  the  time  lapse  of  2k   to  hQ   hours  necessary 
before  results  of  sampling  are  available.   This  lapse  originates  from 
the  drying  and  weighing  time  required,  and  in  stony  soils,  from  the 
time  for  sieving  of  rock. 

Despite  the  disadvantages  cited,  the  gravimetric  method  of  soil 
moisture  measurement  is  the  only  one  capable  of  direct  measure  of  soil 
water  quantitatively.  All  of  the  methods  devised  to  measure  soil  mois- 
ture continuously  in  situ  indicate  water  in  a  qualitative  manner  only, 
until  they  are  calibrated  against  the  gravimetric  method  in  the  field, 
or  field  checked  by  soil  sampling  if  some  laboratory  calibration  scheme 
is  used. 

Porous  Media  in  Contact  with  Soil 

In  1920,  Livingston  and  Koketsu  (22)  attempted  to  measure  cer- 
tain plant-soil  water  relationships  by  the  weighing  of  porous  media  in 
direct  contact  with  the  soil.   Their  approach  was  from  the  dynamic  side 
in  attempting  to  measure  what  they  called  the  water-supplying  power  of 
the  soil,  somewhat  as  the  evaporating  power  of  the  air  is  measured  by 
means  of  atmometers.   The  method  involved  the  use  of  small,  porous - 
porcelain  cones  all  having  approximately  the  ssune  area  of  surface  in 
contact  with  the  soil.  At  the  time  of  a  determination,  a  weighed,  dry 
cone  is  thrust  into  the  soil  and  left  for  a  suitable  time  period,  after 
which  it  is  removed,  quickly  brushed  free  from  adhering  soil,  and  re- 
weighed.  The  amount  of  water  absorbed  from  the  soil  by  the  cone  is 
taken  as  an  approximate  measure  of  the  water-supplying  power  of  the  soil. 
In  a  controlled  laboratory  experiment,  plants  were  grown  in  various  mix- 
tures of  sand,  loam,  and  humus;  and  wilting  was  allowed  to  occur.  At  the 
critical  stage  of  permanent  wilting  the  water-supplying  power  of  the  soil 
about  the  roots  was  determined,  and  it  was  found  that  this  value  was  from 
0.04  to  0.11  gram  for  2  hours  exposure  for  the  porcelain  cones  used.   The 
variations  of  this  value  from  culture  to  culture  were  not  related  to  the 
kind  of  soil  or  to  its  water-holding  power;  sand,  loam,  and  humus  all 
gave  similar  values. 

In  19^2,  Davis  and  Slater  (l_^)  described  an  instrument  which  uti- 
lizes the  direct  weighing  principle  for  continuous  soil  moisture  measure- 
ment.  The  instrument  consists  of  a  porous  chamber  installed  in  the  soil, 
axLd  containing  a  closely  fitted  tapered  porous  plug  which  can  be  removed 
through  a  tube  with  a  hook  for  weighing.   The  inner  portion  of  the  plug 
contains  washed  sand  properly  sized  to  provide  an  upper  pore  size  range 
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corresponding  to  that  in  the  soil.  Weighings  are  made  to  0.01  gram;  the 
range  in  weight  of  the  plug  from  dryness  to  saturation  is  approximately 
5  grams. 

A  similar  apparatus  was  developed  by  Richards  and  Weaver  (28)  and 
consists  of  a  tube  inserted  in  the  soil  serving  as  a  mounting  for  the 
system.  A  second  tube  of  smaller  bore  and  with  a  rubber  stopper  on  the 
end  is  inserted  into  the  large  tube  to  form  a  chamber  at  desired  depth. 
A  sorption-block  3/4  inch  in  diameter  and  l/k   inch  thick  attached  to  a 
copper  wire  is  suspended  in  this  chamber  and  the  top  is  closed  off. 
Readings  are  made  by  weighing  the  suspended  block.   Installations  of 
these  units  in  ii-gallon  crocks  of  soil  at  k   levels  of  moisture  content, 
sealed  with  paraffin  and  allowed  to  come  to  equilibrium  for  several  weeks, 
reveal  the  following  results: 

(1)  Blocks  saturated  with  water  come  to  constant  weight 
in  wet  soil  in  less  than  a  day, 

(2)  Dry  blocks  come  to  constant  weight  in  wet  soil  in 
less  than  3  days. 

(3)  Wet  blocks  come  to  constant  weight  in  dry  soil  in 
less  than  5  days. 

(^4-)  Blocks  transferred  between  adjoining  moisture  levels 
either  wetter  or  drier  generally  reach  equilibrium 
within  2  days. 

(5)  A  hysteresis  effect  was  recognized;  i.e.,  the  equili- 
briijm  weight  of  a  given  block  in  a  given  soil  depended 
on  whether  the  block  initially  was  wet  or  dry. 

Lag  in  response  of  the  gravimetric  blocks  to  changes  of  soil  mois- 
ture have  limited  their  use,  and  much  more  research  effort  has  been  devoted 
to  devising  methods  of  soil  moisture  determination  which  make  use  of  elec- 
trical and  thermal  properties  of  soil. 


ELECIEICAL  METHODS 

The  earliest  work  in  this  country  to  devise  continuous  methods  of 
soil  moisture  determination  date  back  to  the  l890's  with  the  work  of  the 
old  Division  of  Soils.  Whitney,  Gardner,  and  Briggs  (3^)  published  in 
1897  the  results  of  about  eight  years  of  research  with  an  electrical  method 
of  determining  soil  moisture  based  on  the  conductivity  of  soil.   Using  a 
Wheatstone  bridge  arrangement  and  soil  electrodes  consisting  of  carbon 
plates  mounted  on  a  wooden  block,  and  also  mounting  with  these  electrodes 
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a  temperature  cell  consisting  of  a  known  salt  solution  confined  in  a 
glass  tube,  they  were  able  to  follow  soil  moisture  trends.  However, 
these  electrodes  were  never  satisfactorily  calibrated  in  the  field. 
The  authors  established  the  fact  that  three  principle  factors  influence 
the  electrical  conductivity  or  resistance  of  soils:   temperature,  mois- 
ture, and  the  soluble  salt  content.   To  determine  any  one  of  these,  the 
other  two  must  be  known  at  time  of  observation.   Consequently,  other 
bulletins  dealt  with  determination  of  temperature  and  salt  content  by 
electrical  means.  A  second  bulletin  by  Gardner  (17)  in  I898  was  essen- 
tially a  continuation  of  previous  work.  Certain  refinements  in  the 
apparatus  were  described,  however,  such  as  the  use  of  lead  covered 
3-conductor  cable  which  allowed  electrodes  to  be  joined  through  under- 
ground connections  with  the  measuring  box.   The  box  was  mounted  on  a 
stand,  covered,  and  left  in  the  field  in  this  work  instead  of  being 
transported  each  time  a  reading  was  made.   It  was  definitely  established 
that  decreasing  soil  moisture  resulted  in  increasing  soil  resistance. 
One  important  objection  to  the  2-electrode  method  of  measuring  the  elec- 
trical resistance  of  soil  (though  not  recognized  by  these  early  workers) 
is  that  this  method  measures  the  sum  of  soil  resistajice  and  contact  re- 
sistance between  the  electrode  and  the  soil.  Contact  resistance  is  very 
erratic  and  unreproducible.   The  second  objection  arises  from  the  fact 
that  small  changes  in  the  salt  content  of  the  soil  solution  affect  the 
resistance  or  conductivity  more  than  does  the  amount  of  water  present, 
and  electrical  methods  of  determining  salt  content  were  never  perfected 
to  correct  for  these  changes. 

Following  this  original  work  with  the  electrical  method  by  the 
Division  of  Soils,  a  considerable  period  of  time  elapsed  before  new 
developments  appeared.  McCorkle  (2_3)  in  1931^  working  at  the  Texas 
Agricultural  Experiment  Station,  used  four  electrodes  made  from  carbon 
rods  inserted  in  glass  tubing  to  study  soil  moisture  by  the  electrical 
resistance  method.  An  A.C,  bridge  was  used  to  measure  resistance  be- 
tween individual  electrodes,  and  an  equation  was  then  applied  to  derive 
soil  resistance  independent  of  contact  resistance.   It  was  possible  to 
determine  relative  moisture  contents  with  this  method.  McCorkle  did  not 
study  the  effect  of  salt  concentrations  on  the  instrument. 

Edlefsen  and  Anderson  {ik)    in  19^1  published  results  of  work  with 
an  apparatus  quite  similar  to  that  of  McCorkle.   They  used  square  iron 
rods  for  electrodes,  but  otherwise  installed  them  and  operated  them  as 
McCorkle  had.   They  did,  however,  calibrate  their  instrument  more  care- 
fully against  gravimetric  samples,  and  results  showed  similar  resistances 
for  the  sajne  moisture  content  during  two  separate  cycles  of  drying  follow- 
ing irrigation. 

Working  at  the  Michigan  Agricultural  Experiment  Station,  Bouyoucos 
and  Mick  (7)  published  in  19^+0  on  an  electrical  method  of  measuring  soil 
moisture  which  embodied  a  new  principle.   Instead  of  placing  soil  electrodes 
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in  direct  contact  with  the  soil,  they  first  imbedded  them  in  a  "block  of 
plaster-of-Paris.  The  area  immediately  around  the  electrodes  was  thus 
controlled  so  as  to  minimize  the  effects  of  texture,  compaction,  and 
salt  concentration.  When  these  porous  blocks  are  embedded  in  the  soil, 
the  moisture  content  of  the  absorbent  material  varies  with  that  of  the 
soil.   Its  electrical  resistance  varies  inversely  as  its  moisture  con- 
tent; and  hence,  block  resistance  is  an  index  of  soil  moisture.  An 
adaptation  of  the  Wheatstone  bridge  was  used  to  measure  resistances. 
Calibration  of  the  units  in  small  pans  of  soil  in  the  laboratory  pro- 
duced satisfactory  relationships  in  the  range  of  soil  moisture  from 
the  permanent  wilting  percentage  to  the  field  capacity,  and  limited 
tests  indicated  that  these  calibrations  are  applicable  in  the  field  as 
well.  The  effect  of  salt  concentration  of  the  soil  solution  on  the  block 
resistance  was  found  to  be  small,  and  may  possibly  be  attributed  to  the 
buffer  capacity  of  the  CaSOi^.  Buffering  has  been  defined  as  resistance 
to  a  change  in  salt  concentrations.   The  authors  conclude,  however,  that 
for  accurate  soil  moisture  determinations  the  block  resistance  should  be 
corrected  for  temperature.  One  of  the  main  disadvantages  attendant  upon 
the  use  of  Bouyoucos  blocks  in  humid  regions  is  the  fact  that  the  blocks 
dissolve  in  the  soil  solution  under  field  conditions  after  one  or  two 
growing  seasons  of  use. 

Anderson  and  Edlef sen  {3) ,  in  a  laboratory  study  with  2  and  h- 
electrode  plagter-of -Paris  blocks,  placed  blocks  of  each  type  in  buckets 
of  soil  of  different  moisture  contents  which  were  sealed  off  with  paraffin. 
This  procedure  was  used  to  determine  lag  in  response  of  the  blocks  where 
no  plants  were  present.  A  similar  procedure  was  used  to  determine  lag  in 
the  presence  of  actively  transpiring  plants.  Sunflowers  were  planted  in 
the  buckets  of  soil,  and  the  whole  was  irrigated.   Lead-foil  sheets  on 
the  surface  reduced  evaporation.   The  results  show  that  the  blocks  can 
be  calibrated  at  all  moisture  contents  by  placing  them  in  a  soil  surrounded 
by  the  roots  of  actively  transpiring  plants  and  then  observing  the  relation 
between  soil  moisture  content  and  block  resistance.   However,  the  blocks 
cannot  be  satisfactorily  calibrated  in  the  absence  of  such  roots  at  the 
lower  ranges  of  soil  moisture  content,  because  of  the  lag  in  response  shown 
by  the  blocks  to  the  value  of  the  soil  moisture  content  of  the  soil  in  which 
no  plants  are  growing.  The  behavior  of  both  the  2  and  4-electrode  plaster- 
of-Paris  blocks  is  remarkably  reproducible.  Under  like  soil  moisture  con- 
tents in  the  soils  tested,  the  blocks  always  possess  a  like  resistance  at 
all  soil  moisture  contents  extending  from  the  permanent  wilting  percentage 
to  almost  three  times  the  moisture  equivalent.  As  a  soil  moisture  content 
indicator,  the  2-electrode  is  better  than  the  ^i-electrode  block  because  of 
simplicity  in  manufacture  and  in  measurement  of  resistance.   It  has  been 
shown  in  this  study,  as  well,  that  the  2-electrode  resistance  of  a  plaster- 
of-Paris  block  is  not  very  sensitive  to  variations  in  the  separation  of  the 
two  electrodes  in  the  midplane  of  the  block. 
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In  19^6,  Coljnan  (lO)  published  concerning  a  newly  designed  elec- 
tric soil  moisture  meter  which  was  developed  on  the  San  Dimas  Experimental 
Forest  of  the  U.  S.  Forest  Service.   The  meter  comprises  two  parts:   the 
soil  unit,  which  is  buried  in  the  soil  and  changes  its  electrical  proper- 
ties in  response  to  soil  moisture  changes,  and  the  meter  unit,  with  which 
these  electrical  properties  are  measured.   The  soil  unit  is  small,  rigid, 
and  resistant  to  corrosion  and  deterioration.   The  moisture  absorbing 
dielectric  through  which  the  measurement  is  made  is  thin  enough  and  com- 
pletely enough  exposed  to  the  soil  to  eliminate  any  significant  time  lag 
in  moisture  indication.   The  measuring  unit  is  rugged,  portable,  direct- 
reading,  and  self-contained  for  field  use.   The  soil  unit  embodies  the  same 
principle  as  that  employed  in  the  plaster-of -Paris  block;  that  is,  the  elec- 
trodes are  shielded  from  direct  contact  with  the  soil  by  a  porous  dielectric. 
Specifically,  the  soil  unit  consists  of  two  monel  screens  acting  as  elec- 
trodes and  wrapped  by  three  thicknesses  of  fiberglas  fabric,  which  acts  as 
the  porous  dielectric.   This  electrode  sandwich  and  the  electric  thermistor 
are  then  wired,  and  the  whole  is  pressed  between  two  monel  sheets.  After 
complete  assembly,  the  soil  unit  is  only  1.5  by  1,0  by  0.12  inches. 

The  meter  unit  is  an  alternating  current  ohmmeter,  and  is  entirely 
self-contained,  A  battery-operated  vacuum-tube  oscillator  generates  low 
frequency  alternating  current  which  passes  between  the  electrodes.   The 
measuring  current  is  rectified  and  its  magnitude  indicated  on  the  dial  of 
a  microammeter.  Operation  consists  merely  in  zeroing  the  meter,  pressing 
the  switch,  and  reading  the  microammeter  dial.   Dial  readings  are  directly 
related  to  resistance.   The  temperature  measurement  is  made  with  a  separate 
circuit  in  the  same  meter  designed  specifically  to  measure  small  differences 
in  resistance  over  a  limited  range. 

Colman  and  Hendrix  (ll),  working  with  a  somewhat  improved  model  of 
the  Colman  soil  moisture  meter  described  above,  conducted  studies  with  the 
units  to  establish  certain  relationships  between  unit  resistance  and  soil 
moisture  equilibrium  constants  as  well  as  other  facts  about  the  behavior 
of  the  newly  designed  soil  units.   For  most  soils  the  following  resistance 
relationships  exist:   saturation,  I50  ohms;  field  capacity,  6OO  to  1,000  ohms; 
and  wilting  percentage,  30^000  to  100,000  ohms.  Detection  of  freezing  and 
thawing  of  soil  water  is  possible  because  the  resistance  of  a  water-saturated 
soil  unit  increases  markedly  when  the  water  in  the  unit  has  been  frozen. 
Other  investigations  with  the  instrument  in  this  study  showed  the  following: 

(1)  By  indirect  means  using  a  pressure  membrane  apparatus, 
a  calibration  curve  can  be  constructed  so  that  moisture 
tensions  can  be  related  to  resistance  measurements. 

(2)  A  random  lot  of  manufactured  soil  units  are  closely 
uniform. 

(3)  Distilled  water  should  be  used  in  laboratory  calibration. 
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The  three  main  advantages  of  the  Colman  unit  over  the  Bouyoucos 
block  are:   soil  moisture  can  be  measured  from  saturation  to  nearly 
air-dry;  the  unit  does  not  dissolve  or  disintegrate  in  the  soil  solu- 
tion; and  there  is  less  lag  in  response  to  moisture  changes.  Hence, 
an  installation  of  Colman  units  may  be  operative  up  to  10  years  or 
longer.   The  writers  have  found,  however,  that  in  laboratory  calibra- 
tions of  Colman  units  at  the  Calhoun  Experimental  Forest  the  units  have 
proved  to  be  much  less  sensitive  to  moisture  changes  in  the  upper  half 
of  the  range  between  saturation  and  field  capacity  than  Colman  had  in- 
tended. 

In  a  study  of  the  effects  of  salinity  on  soil  moisture-electri- 
cal resistance  relationships,  Ewart  and  Baver  (l^)  found  that  Bouyoucos 
plaster-of -Paris  units  are  reliable  in  measuring  moisture  when  salinity 
of  the  irrigation  water  used  is  up  to  and  including  2,000  p. p.m.,  NaCl. 
Results  of  this  study  also  indicate  that  Colman  fiberglas  units  are  very 
sensitive  to  the  electrolytic  effects  of  salts  and  that  a  concentration 
of  1,000  p. p.m.,  NaCl  is  sufficient  to  produce  a  significant  lag  in  re- 
sistance value. 

Bouyoucos  and  Mick  (8)  reported  in  19^8  on  the  results  of  5  years 
of  research  with  various  types  of  fabric  absorption  units  for  continuous 
measurement  of  soil  moisture.   The  purpose  of  this  research  was  twofold; 
namely,  to  discover  a  means  of  measurement  of  soil  moisture  in  the  range 
from  saturation  to  air -dryness,  and  to  provide  an  electrode  absorption 
unit  that  would  function  despite  long  periods  of  exposure  in  saturated 
environments.   Twenty-five  kinds  of  electrode  absorption  units  were  in- 
vestigated. The  fabrics  employed  were  nylon  and  fiberglas,  and  in  addi- 
tion, rubber  spong,  asbestos,  and  bare  electrodes  were  employed.  Elec- 
trode metals  tested  included  paladium,  monel,  copper,  magnesium,  stain- 
less steel,  pure  nickel,  and  sterling.   The  fabrics  were  cemented  to  the 
metal  plates  and  then  pressed.   The  final  fabric  unit  developed  is  very 
similar  to  the  Colman  unit  previously  described  and  consists  of  two  per- 
forated, extremely  thin  nickel  plates,  or  two  pieces  of  fine  monel  metal 
screen  acting  as  electrodes,  to  which  are  silver-soldered  wire  leads. 
These  electrodes  are  separated  by  wrappings  of  nylon  or  fiberglas  fabric. 
The  whole  assemblage  is  then  placed  in  a  perforated  nickel  case,  pressed 
under  high  pressure,  and  the  edges  of  the  metal  case  are  mechanically 
united  to  hold  the  enclosed  assemblage  together  permanently.  The  case  has 
0.2-inch  square  holes,  l/4-inch  centers  straight,  and  is  64-percent  open. 
Of  the  two  fabrics  employed,  nylon  is  the  stronger,  but  is  inert  and  has 
virtually  no  buffering  action.  Fiberglas,  on  the  other  hand,  exhibits  a 
surprisingly  high  relative  degree  of  buffering  action.  Neither,  however, 
shows  the  marked  buffering  capabilities  of  plaster-of -Paris,  the  result 
being  that  the  effect  of  large  salt  content  in  the  soil  maJces  the  fabric 
unit  less  sensitive  to  moisture  changes  and  limits  the  sensitive  resis- 
tance range  of  the  fabric  unit. 
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For  research  investigations,  it  is  necessary  to  correct  resistance 
readings  to  a  constant  temperature.   Because  no  thermistor  is  included 
with  the  fabric  unit,  separate  temperature  installations  are  needed. 

The  special  Wheatstone  bridge  devised  for  measuring  plaster-of- 
Paris  block  resistances  is  also  suited  to  the  fabric  units. 

Bouyoucos  (9)^  working  with  a  nylon  electrical  resistance  unit  as 
described,  reported  results  of  laboratory  calibrations  in  ^7  soils  from 
the  entire  U.  S.  and  Canada.   These  units  were  calibrated  by  placing 
them  in  a  small  pan  which  contains  20  grams  of  air-dry  soil  and  then 
covering  the  units  with  20  grams  more  of  the  soil.   The  soil  was  then 
saturated  until  water  stood  on  the  surface.   The  units  were  worked  down 
into  the  soil  with  a  small  strip  of  metal  and  were  tapped  to  remove  air 
bubbles.   They  were  then  dried  for  certain  periods  of  time  under  normal 
laboratory  conditions,  and  moisture  values  were  obtained  as  desired  by 
weighing  the  entire  sample,  unit,  and  pan  on  a  Toledo  balance.   The  cali- 
brations revealed  the  following  resistance  relationships  for  most  soils: 
saturation  I5O  ohms;  field  capacity,  2,500  ohms;  wilting  percentage, 
300,000  ohms;  and  air-dry,  1,000,000  ohms. 

A  combined  f iberglas-plaster  block  unit  has  been  described  by  Youker 
and  Dreibelbis  (3^)   for  measuring  soil  moisture  under  field  conditions 
from  saturation  to  the  wilting  point.   The  design  combines  the  advantages 
of  the  plaster-of -Paris  block  with  that  of  the  fabric  principle.   The 
plaster-of -Paris  block  serves  as  a  good  buffer  and  contact  with  the  soil, 
and  the  fiberglas  serves  to  furnish  reliable  data  in  the  wet  range  which 
the  plaster-of -Par is  block  does  not  give. 

The  authors,  in  commenting  on  use  of  the  Colman  units,  stated  that 
the  units  gave  good  results  most  of  the  time,  but  following  prolonged  dry 
periods  they  did  not  respond  to  increases  in  soil  moisture.   Presumably 
an  imperfect  contact  with  the  soil  at  these  times  caused  this. 

In  1939,  Fletcher  (16)  made  use  of  the  well  known  fact  that  water 
has  a  high  dielectric  constant  and  soil  a  low  one  in  adapting  a  reson- 
ance method  of  determining  the  dielectric  constant  to  the  determination 
of  soil  moisture.   The  system  was  hooked  up  so  that  the  sum  of  the  capaci- 
ties of  a  condenser  (C)  and  a  special  one  to  be  buried  in  the  soil  (Cs)  is 
constant.  By  reading  (C),  therefore,  the  capacity  of  (Cs)  is  known.   This 
method  is  only  slightly  affected  by  soil  temperature  and  salt  concentra- 
tion.  It  has  never  proven  to  be  entirely  satisfactory  in  the  field, 
however.  Anderson  (_5)  placed  a  specially  designed  probe-condenser  in 
direct  contact  with  the  soil  and  determined  the  electrical  capacitance 
with  an  A.  C.  Wheatstone  bridge  excited  by  a  frequency  of  1,000  cycles. 
The  data,  collected  on  five  Yolo  soils  covering  a  range  in  texture  extend- 
ing from  a  moisture  equivalent  of  6.7  to  29.1,  indicate  that  the  shape  of 
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the  curve  giving  the  dependence  of  electrical  capacitance  on  soil  mois- 
ture content,  above  the  permanent  wilting  percentage  over  the  range  of 
readily  available  moisture  to  plants,  does  not  depend  appreciably  on 
soil  texture. 

Anderson  and  Edlefsen  (h)   carried  out  laboratory  and  field  in- 
vestigations on  the  use  of  the  electrical  capacity  of  the  2-electrode 
plaster-of-Paris  block  as  an  indicator  of  soil  moisture  content.  With 
decrease  of  soil  moisture  content,  the  capacity  begins  to  drop  from  a 
rather  high  value  (about  O.O7O  microfarad)  at  about  the  moisture  equiva- 
lent, finally  approaching  a  relatively  constant  value  (around  O.OOO3 
microfarad)  at  a  little  above  the  permanent  wilting  percentage  of  the 
soil.  The  authors  finally  conclude  that  the  method  will  serve  as  a 
practical  indicator  of  the  soil  moisture  content  in  a  body  of  soil  where 
the  blocks  can  be  buried  and  where  the  changes  in  soil  moisture  content 
are  caused  by  the  removal  of  the  moisture  by  the  roots  of  actively  tran- 
spiring plants. 

Wallihan  (^),  attempting  to  compare  the  various  types  of  equip- 
ment and  answer  some  of  the  questions  involved  in  using  the  dielectric 
method  of  measuring  soil  moisture,  concludes  that  condensers  having  in- 
sulated plates  have  certain  advantages  over  bare  electrodes.  Concentric 
arrangements  of  the  condenser  plates  and  proper  shielding  of  the  capacity 
bridge  are  important  conditions  also. 

In  two  other  important  papers  published  in  1939^  Shaw  and  Baver 
(30,31)  describe  a  method  for  measuring  moisture  changes  of  the  soil 
in  situ  which  utilizes  the  thermal  conducting  properties  of  soil.  The 
apparatus  consists  of  a  modified  Wheat stone  bridge  arrangement  in  which 
one  of  the  arms  consists  of  a  coil  of  No.  ^0  enameled  copper  wire  wound 
on  6  ram.  glass  tubing.  This  arm  is  buried  in  the  soil,  A  microammeter 
records  detector  current  and  a  6-volt  battery  is  the  current  source.   The 
bridge  is  balanced  out  so  that  temperature  changes  in  the  soil  arm  affected 
by  a  current  of  0.1  ampere  or  more  throw  the  bridge  out  of  balance,  thus 
allowing  a  current  to  flow  through  the  microammeter.  This  is  due  to  the 
fact  that  heat  is  being  developed  in  the  soil  arm  faster  than  it  can  be 
conducted  away  by  the  soil;  as  a  result,  the  temperature  of  the  soil  arm 
rises.   Its  temperature  continues  to  rise  until  it  reaches  a  point  at 
which  heat  is  lost  as  fast  as  it  is  gained.   The  current  through  the  microam- 
meter increases  with  the  temperature  of  the  soil  arm.  The  magnitude  of  the 
current  at  equilibrium  reflects  the  increase  in  the  temperature  of  the  soil 
arm.   It  can  be  seen  that  the  heat  conductivity  of  the  soil  is  the  factor 
that  controls  the  temperature  rise.   If  the  conductivity  is  low,  the  tempera- 
ture rise  will  be  large,  and  if  the  conductivity  is  high,  the  temperature 
rise  will  be  small.  Since  the  heat  conductivity  of  a  soil  increases  with 
its  moisture  content,  the  size  of  the  current  through  the  microajnmeter  is 
an  index  of  the  amount  of  moisture  in  the  soil.   In  studying  soil  moisture 
changes  in  the  laboratory,  soil  was  placed  in  a  cylindrical  woven-wire 
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container  lined  with  linen,  the  soil  arm  of  the  bridge  was  inserted 
vertically  into  the  soil  column,  the  entire  column  was  saturated  over- 
night, and  readings  were  taken  after  suitable  periods  of  drainage  and 
evaporation.   Since  weights  of  container  and  dry  soil  were  known,  soil 
moisture  could  be  computed  at  the  time  of  readings  for  calibration  of 
the  soil  arm.   Duplication  of  results  in  succeeding  drying  cycles  was 
excellent.   The  studies  show  that  the  readings  are  not  influenced  by 
external  temperature  conditions  or  by  changes  in  the  salt  concentration 
of  the  soil  solution.  For  field  use  it  is  difficult  to  obtain  good  con- 
tact between  the  soil  arm  and  the  surrounding  soil,  and  hence  its  use  in 
the  field  has  not  been  entirely  satisfactory. 

The  heat  conductivity  circuit  just  described  was  the  second  one 
used  by  Shaw  and  Baver.   In  the  first  one,  two  soil  arms  were  used,  one 
being  inserted  in  oven-dry  soil  and  the  other  in  soil  identical  in  all 
respects  but  moisture  content.   In  this  case  unbalance  in  the  bridge  is 
the  result  of  the  difference  in  radiation  from  two  identical  heater 
elements,  and  a  variable  resistor  in  the  bridge  registers  the  amount  of 
unbalance,  instead  of  having  a  microammeter  to  record  differences  in  de- 
tector current. 

Three  years  after  the  work  of  Shaw  and  Baver,  Johnston  (19)  in- 
troduced the  same  principle  to  thermal  units  that  Bouyoucos  and  Mick 
had  perfected  for  electrical  resistance  units,  Plaster-of -Paris  was 
cast  as  a  concentric  jacket  l/8-inch  thick  about  the  I5  mm.  glass  tubes 
upon  which  the  heater  wires  had  been  wrapped.   The  function  of  the  jacket 
was  to  absorb  the  heat  emanating  from  the  heater  coil,  making  the  result- 
ing readings  a  function  of  the  moisture  content  of  the  jacket  and  elimina- 
ting the  contact  difficulties  between  soil  and  elements  that  arise  when 
non-jacketed  heaters  are  used.   These  heater  elements  were  placed  in  two 
soils  of  markedly  different  types  to  determine  whether  comparable  readings 
could  be  obtained  at  field  capacity  and  again  at  the  permament  wilting 
percentage  in  each  soil.   The  tests  were  made  in  pots  of  soil  in  the 
laboratory,  and  results  showed  comparable  readings  in  the  different  soils. 


LABORATORY  CALIBRATION  OF  IMITS 

Kelley  (2l)  described  a  method  for  the  laboratory  calibration  of 
various  instruments  used  in  measuring  soil  moisture  in  situ  that  is  quite 
similar  to  the  one  used  by  Shaw  and  Baver.   The  unit  being  calibrated  is 
surrounded  with  l/2  inch  of  soil  contained  in  a  wire  basket  lined  with 
cloth.   The  soil  is  wet  by  capillarity  and  placed  in  a  humidity  chamber 
to  drain.   It  is  then  removed  and  subjected  alternately  to  5  hours'  evapora- 
tion under  laboratory  conditions  and  19  hours  in  a  humidity  chamber.   This 
procedure  is  continued  until  the  soil  no  longer  loses  moisture  when  exposed 
to  the  air.   The  weights  are  recorded,  and  readings  for  the  various  instru- 
ments are  taken  each  time  the  soil  is  removed  from  the  humidity  chamber. 
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A  method  which  parallels  Kelley's  method  very  closely  is  to  collect 
an  undisturbed  volume  sample  of  a  soil  and  then  insert  the  unit  to  "be  cali- 
brated into  this  core,  thus  simulating  natural  conditions  more  closely. 
Alternate  periods  of  drying  and  resting  in  a  moist  chamber  can  then  be 
followed  exactly  as  Kelley  described. 


TENSIOMETRIC  METHODS 

A  porous  cup  filled  with  water  and  connected  to  a  suitable  gage  may 
be  used  for  measuring  the  tension  with  which  water  is  held  by  soil,  or 
pressure  in  soil  water.   This  negative  pressure  is  often  given  the  name 
tension  or  capillary  tension.  Richards  and  Gardner  (25)  describe  such  an 
instrument  and  call  it  a  tensiometer.  The  pressure  in  soil  water  may  be 
either  greater  or  less  than  atmospheric  pressure,  which  is  ordinarily  taken 
as  the  pressure  reference.  At  points  below  a  water  table  the  pressure  is 
positive,  but  in  unsaturated  soil  the  water  in  a  porous  cup  must  be  under ^ 
negative  or  vacuum  pressure  in  order  to  be  in  equilibrium  with  the  water  in 
the  soil.  Three  types  of  tensiometers  are  described  and  their  operation  dis- 
cussed by  the  authors.   They  are  the  indicating  tensiometer,  which  employs  a 
mercury  manometer  or  Bourdon  gage  for  recording  capillary  tension;  the  record 
ing  tensiometer  for  providing  a  continuous  record  of  tension;  and  the  differ- 
ential tensiometer,  which  has  two  porous  cups  filled  with  water  and  connected 
to  the  two  sides  of  a  mercury  manometer.   This  latter  type  provides  a  con- 
venient means  for  indicating  which  way  water  is  moving  in  a  soil. 

The  range  of  capillary  tension  for  which  tensiometers  can  be  used 
does  not  exceed  one  atmosphere,  or  the  tension  required  to  support  a  column 
of  water  98O  cm.  in  height.   This  fact  limits  the  use  of  tensiometers, 
since  many  soils  have  lost  less  than  one-half  of  their  available  water  at 
this  tension. 

Richards  and  Neal  (26)  reported  on  field  tests  with  tensiometers 
in  which  83  indicating  tensiometers  and  two  duplex  recording  tensiometers 
were  used  near  Clarinda,  Iowa,  in  the  summer  of  1936.   The  study  was  re- 
stricted to  fallow  plots  where  the  moisture  conditions  remained  well  within 
the  operating  range  of  the  instruments.  The  comparatively  rapid  tension 
changes  which  were  found  indicate  that  moisture  was  present  in  the  soil  in 
a  connected  liquid  phase  up  to  within  a  few  inches  of  the  surface.   The 
duplex  recording  tensiometers  installed  in  fallow  soil  at  6  and  12-inch 
depths  showed  that  between  these  depths  the  average  water  moving  field  (the 
net  force  per  unit  mass  of  liquid  in  the  soil)  was  upward  except  for  short 
periods  after  rain,  and  values  as  high  as  16.5  times  gravity  were  recorded 
in  the  upward  direction. 

In  1937;  Neal,  Richards,  and  Russell  (24)  did  some  work  concerning 
the  relationship  between  capillary  tension  and  moisture  percentage  for 
samples  of  undisturbed  Marshall  silt  loam  taken  from  depths  of  0-6  inches. 
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10-l6  inches,  20-26  inches,  and  30-36  inches.   Four  sets  of  determinations, 
all  on  a  drying-out  curve,  are  reported.   There  is  a  slight  variation  in 
the  tension  exhibited  under  these  conditions  for  a  given  moisture  content 
at  the  four  depths  in  the  profile.   Richards  (27)  published  in  19^2  concern- 
ing the  newest  improvements  in  design  and  materials  for  tensiometer  con- 
struction, and  he  describes  design  and  construction  of  three  units  in  detail. 

The  importance  of  associating  moisture  changes  in  soils  with  changes 
in  the  energy  levels  of  the  soil  moisture  was  further  recognized  by  Haise 
and  Kelley  (18)  in  a  paper  which  had  as  its  purpose  to  show  the  relation  of 
heat  transfer  and  electrical  resistance  in  plaster-of -Paris  blocks  to  the 
tension  of  the  water  in  the  blocks.   The  possibilities  of  using  these  in- 
strument methods  as  a  means  of  measuring  soil  moisture  tension  over  the  en- 
tire range  of  moisture  available  to  plants  was  recognized.   By  means  of 
thermal  units  cast  into  Bouyoucos  blocks,  a  pressure  membrane  extraction 
apparatus  was  employed  to  obtain  tension  on  the  units  ranging  from  1  to  15 
atmospheres.   Fifteen  atmospheres  of  tension  correspond  to  the  tension  of 
soil  water  at  permanent  wilting  percentage  for  most  soils.   Spark  plugs 
mounted  in  the  sides  of  the  pressure  chamber  provided  insulated  connections 
to  the  units.  Before  installation  in  the  chamber,  the  plaster  units  were 
immersed  in  distilled  water  and  left  for  several  hours  in  an  evacuated  con- 
tainer.  The  leads  from  the  units  were  soldered  to  the  spark-plug  terminals. 
The  units  were  bonded  to  the  membrane  by  brushing  fresh  plaster-of -Paris  in 
the  desired  position  on  the  membrane  and  then  placing  the  units  in  the  fresh 
plaster-of -Par is  before  it  had  set.   The  results  of  this  study  indicate  the 
following: 

(1)  The  desorption  curve  on  plaster-of -Paris  indicates 
that  most  of  the  water  is  held  at  tensions  below  h 
atmospheres,  although  there  is  an  appreciable  loss 
over  the  entire  range  above  k-  atmospheres  which 
could  not  be  detected  by  removal  of  water  from  the 
units. 

(2)  Bouyoucos  blocks  continued  to  register  change  in 
resistance  above  h   atmospheres  of  tension  with  very 
slight  changes  in  the  moisture  content  of  the  block. 

(3)  The  thermal  units  responded  to  changes  in  moisture 
content  only  so  long  as  an  appreciable  loss  of  mois- 
ture took  place.   Inability  of  these  specific  thermal 
units  to  respond  to  tensions  above  h   atmospheres  does 
not  necessarily  place  any  limitations  on  this  method 
for  measuring  soil  moisture.  Porous  media  having  a 
proper  pore-size  distribution  would  undoubtedly  pro- 
duce more  satisfactory  results. 
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COMPAEISON  OF  METHODS 


Kelley,  et  al.  (20)  Investigated  methods  of  measuring  soil  moisture 
under  field  conditions  and  presented  their  opinions  based  on  the  use  of  13 
gravimetric  sorption  "blocks,  300  tensiometers,  900  Bouyoucos  "blocks,  and 
150  thermal  units.   The  outline  of  soil  moisture  measuring  methods  pre- 
sented earlier  in  this  review  is  from  this  paper.   An  examination  of  the 
data  from  this  study  reveal  the  following  facts : 

(1)  Tensiometers  function  between  0  and  85O  cm.  (O.85 
atmospheres)  of  water  tension,  and  are  the  most 
accurate  and  practical  method  in  this  range.   Main- 
tenance is  simple  and  readings  are  readily  obtained. 

(2)  Bouyoucos  blocks  function  between  1  and  I5  atmospheres 
of  tension.   Temperatures,  salt  concentration,  physical 
nature  of  the  block,  and  variations  due  to  external 
flow  of  current  between  electrodes  all  cause  variation 
in  resistance  of  the  blocks.   In  humid  temperate  re- 
gions, none  of  these  are  considered  serious  sources  of 
error.  This  method  is  the  most  practical  for  measur- 
ing moisture  changes  above  1  atmosphere  of  tension  in' 
soils  not  containing  large  amounts  of  salts, 

(3)  Thermal  units  function  from  slightly  less  than  1  to  i+ 
atmospheres  of  tension.   Soil  temperature  can  be  ob- 
tained when  moisture  readings  are  made,  and  salt  con- 
centration does  not  affect  the  readings.   In  theory 
the  method  appears  superior  to  either  tensiometers  or 
Bouyoucos  blocks.   Improvement  in  design  of  the  porous 
media  are  needed  to  increase  the  range  of  effectiveness. 

(k)     Calibration  of  gravimetric  sorption  blocks  versus  mois- 
ture tension  in  the  laboratory  was  not  possible.  The 
data  suggest  a  lag  of  considerable  magnitude  in  approach- 
ing equilibrium. 

(5)  Difference  in  soil  moisture  obtained  from  replicate  plots 
of  the  same  moisture  treatment  may  be  due  to  one  or  a 
combination  of  the  following: 

(a)  Lack  of  uniform  penetration  of  the  soil  by  roots 

(b)  Soil  heterogeniety 

(c)  Uneven  growth  of  plants 

(d)  Inequalities  in  the  soil  surface 
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Cuiranings  and  Chandler  (12)  made  field  comparisons  of  the  electro- 
thermal and  plaster-of-Paris  block  methods  with  the  tensiometer  method. 
Plaster-of-Paris  block  data  were  xmreliable  below  a  tension  of  100  cm.^ 
and  tensiometer  data  were  unsatisfactory  above  a  tension  of  930  cm.   Data 
from  electrothermal  units  were  not  very  consistent  because  of  poor  contact 
with  the  soil. 

Soil  moisture  measurements  which  depend  on  resistance  of  the  soil 
to  deforming  forces  have  been  attempted,  but  these  cannot  be  used  for  con- 
tinuous in  situ  measurement.  Allyn  and  Work  (l)  devised  an  instrument 
which  they  called  an  availameter.   Observations  show  that  the  higher  the 
moisture  content  of  soil,  the  more  plastic  and  less  stable  it  becomes 
when  subjected  to  a  deforming  force.   The  force  necessary  to  cause  a  given 
deformation  in  soil  of  a  given  compaction  increases  as  the  moisture  content 
decreases.   Stability  of  soil  cores  was  determined  by  loading  a  plunger  or 
needle  footing  of  definite  diameter  until  a  predetermined  penetration  into 
the  soil  was  obtained.   Stability  and  moisture  content  correlated  in  a  pro- 
mising way.  The  device  requires  an  undisturbed  soil  core  from  a  soil  tube 
approximately  'i/h   inch  in  diameter,  and  is  therefore  confined  to  medium  to 
heavy  soil  types  which  give  cohesive  cores  at  all  moisture  contents.  Allyn 
(2)  invented  a  new  device  known  as  the  stabilimeter  for  quick  field  deter- 
mination of  soil  moisture  conditions.  The  apparatus  consists  of  a  diamond- 
shaped  blade  point  mounted  on  a  shaft  by  means  of  which  the  blade  point  can 
be  driven  to  the  desired  soil  depths.   The  measurement  of  the  resistance  of 
the  soil  to  the  rotation  of  this  point  is  termed  "the  soil  stability,"  and 
is  evaluated  in  terms  of  torque  in  inch-pound  units.   This  device  was  used 
only  in  heavy  soils  in  this  experiment,  and  correlated  with  soil  moisture 
content  usually  within  0.5  percent.   These  methods  have  all  of  the  disadvan- 
tages of  the  gravimetric  method,  except  that  there  is  no  delay  in  obtaining 
results. 


NEUTRON  SCATTERING 

A  method  for  measuring  soil  moisture  based  on  the  scattering  and  loss 
of  energy  of  neutrons  when  they  collide  with  hydrogen  atoms  is  described  by 
Belcher,  Cuykendall,  and  Sack  (6).   The  precision  of  this  method  is  claimed 
to  be  plus  or  minus  1  percent.   The  principal  advantages  are:   (l)   different 
soils  seem  to  have  the  same  calibration  curve,  (2)  inhomogenieties  such  as 
rocks  do  not  introduce  serious  disturbances,  and  (3)  salts  or  organic  matter 
in  quantities  encountered  under  normal  conditions  do  not  affect  the  calibra- 
tion curve. 

A  stainless  steel  or  aluminum  pipe  with  a  pointed  solid  end  is  driven 
or  inserted  in  an  auger  hole  to  the  desired  sampling  depth.   The  neutron 
source  and  Geiger  counter  are  lowered  into  the  pipe  to  a  given  depth  and  left 
for  5  minutes  to  achieve  radioactive  equilibrium.   Then  a  count  is  made  of 
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returning  slow  neutrons  with  an  electric  scaler.  This  measurement  is 
usually  repeated  2  or  3  times  to  insure  accuracy.  The  probe  containing 
the  neutron  source  and  Geiger  counter  is  then  withdrawn  and  5  minutes 
is  allowed  for  decay  of  radioactivity  before  a  measurement  is  made  at  a 
different  depth.  To  eliminate  effects  of  background  radioactivity  and 
instability  of  the  counter  and  scaler,  a  measurement  is  made  in  a  com- 
parison standard  at  frequent  intervals  (three  or  four  times  each  day,  or 
once  at  each  site,  or  perhaps  at  every  fifth  determination  depending  on 
the  situation).   The  comparison  standard  may  be  a  bucket  of  water,  paraf- 
fin or  other  material  high  in  hydrogen.  The  calibration  curve  consists 
of  a  plotting  of  the  ratio  between  counts  in  the  soil  and  the  comparison 
standard. 

The  moisture  determination  is  for  a  volume  of  soil  rather  than  for 
a  given  point  in  the  profile.  Moisture  is  measured  in  an  oblate  spheroid 
with  a  horizontal  axis  of  12-24  inches  and  a  vertical  axis  of  12-l8  inches. 
The  smaller  values  are  for  high  moisture  contents,  and  the  volume  of  soil 
in  which  moisture  is  measured  varies  considerably  with  moisture  content. 
The  comparatively  large  soil  volume  sampled  has  its  advantages  as  well  as 
disadvantages.  The  advantages  are:   (l)  Moisture  values  represent  an 
average  for  a  considerable  volume  and  are  probably  little  affected  by 
minor  inhomogenieties.  Thus,  fewer  replications  are  needed  to  characterize 
a  site.   (2)  The  volume  of  soil  disturbed  by  the  placement  of  the  tube  is 
small  in  relation  to  the  volume  sampled,  and  the  disturbance  has  no  measur- 
able effect.   (3)  Field  calibration  checking  may  be  more  accurate.  For 
example,  the  average  moisture  from  three  soil  tube  saunples  may  better  re- 
present the  area  sampled  by  neutron  scattering  than  the  much  smaller  area 
of  soil  in  contact  with  a  fiberglas  electrode. 

The  disadvantages  of  sampling  the  large  volume  of  soil  are:   (l)   It 
is  not  simple  to  measure  moisture  in  soil  horizons  thinner  than  the  12-l8 
inch  vertical  layer  sampled.   (2)   It  is  difficult  to  determine  exact  loca- 
tion of  a  wetting  front.   (3)  Somewhere  above  a  depth  of  6-9  inches  from 
the  surface,  neutrons  escape  from  the  soil  so  that  the  universal  calibra- 
tion does  not  hold  for  shallow  depths  of  sampling. 

This  method  of  soil  moisture  measurement  has  considerable  promise, 
and  methods  and  equipment  are  being  improved  to  give  more  precision  and  sim- 
plify procedures. 


USE  OF  SOIL  MOISTURE  DATA 


Soil  moisture  as  determined  by  the  gravimetric  method,  either  directly 
or  to  calibrate  an  indirect  method,  does,  as  previously  mentioned,  produce 
results  expressed  as  percent  of  oven-dry  weight.  Such  results  can  then  be 
converted  to  percent  of  soil  volume  (Pv)  if  the  bulk  density  of  the  soil  is 
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known.   The  expression  of  soil  water  on  a  volume  basis  is  more  useful  to 
all  investigators  because  it  measures  the  actual  quantity  of  water  in  the 
soil  in  relation  to  the  total  soil  volume.   Bulk  density  of  soils  can  be 
determined  l)y   collecting  undisturbed  samples  of  a  known  volume  from  the 
sajnpling  depths  desired,  and  obtaining  their  oven-dry  weight.   Both  soil 
volume  and  weight  should  be  based  on  soil  which  passes  a  2-iimi.  sieve. 
When  sufficient  samples  have  been  taken,  the  average  rock  content  for 
different  horizons  can  be  used  to  express  actual  average  bulk  density  for 
the  soil. 

Under  certain  conditions  percent  by  weight  (Pw)  is  an  adequate  ex- 
pression of  soil  moisture.   If  comparisons  of  moisture  contents  between 
two  or  more  areas  on  similar  soils  are  desired,  Pw  is  then  sufficient. 
However,  if  bulk  densities  are  variable,  soil  moisture  content  should  be 
expressed  as  Pv  or  inches  of  water. 

As  noted  previously,  plant  scientists  are  interested  primarily  in 
the  amount  of  soil  water  available  to  plants.   In  order  to  determine  avail- 
able water,  the  permanent  wilting  point  of  the  soil  must  be  known.   The  per- 
manent wilting  point  marks  the  lower  limit  of  available  water  for  plants. 
Veihmeyer  and  Hendrickson  (32)  discuss  several  methods  of  determining  the 
permanent  wilting  point  and  compare  their  relative  advantages  and  disadvan- 
tages. Since  this  is  an  exhaustive  subject  in  itself,  no  attempt  will  be 
made  to  present  this  material  in  this  paper.  Richards  and  Weaver  (29)  in- 
troduce a  new  method  employing  a  pressure  chamber.  A  gas  pressure  is  applied 
to  small  saturated  soil  samples  in  order  to  simulate  the  force  which  plants 
exert  to  withdraw  soil  moisture  to  the  wilting  point. 

In  many  soil  moisture  investigations,  the  relation  of  soil  moisture 
content  to  the  field  capacity  and  saturation  is  needed.   The  field  capacity 
is  also  defined  and  its  determination  adequately  discussed  by  Veihmeyer  and 
Hendrickson  (32).   This  important  constant  is  ordinarily  the  upper  limit  of 
availability  of  water  to  plants  and  also  represents  the  maximum  amount  of 
water  which  a  soil  can  hold  against  the  forces  of  gravity. 

The  saturai-ion  constant  can  be  determined  as  follows:   Collect  undis- 
turbed volume  samples  in  a  core  type  sampler,  saturate  them  about  lb  hours 
in  an  open  tank,  and  weigh  fully  saturated.   Next,  dry  the  samples  to  con- 
stant weight  and  compute  the  moisture  content  at  saturation.   Bulk  density 
can  be  obtained  from  these  same  soil  cores. 

The  determination  of  soil  moisture  for  any  purpose  has  greater  mean- 
ing when  these  soil  moisture  constants  are  known.   Nevertheless,  when  only 
comparisons  of  relative  moisture  levels  or  knowledge  of  trends  are  desired, 
a  simple  expression  of  total  soil  moisture  content  is  adequate  for  the 
purpose. 
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GENERAL  DISCUSSION 


Lack  of  knowledge  in  the  field  of  soil  moisture  can  be  attributed  to 
a  lack  of  adequate  means  of  measurement  rather  than  to  a  lack  of  interest 
on  the  part  of  investigators.   It  can  be  seem  from  the  review  of  methods 
used  that  the  ideal  conditions  for  making  soil  moisture  studies  exist  when 
nondestructive  testing  can  be  used,  when  moisture  in  the  soil  itself  can  be 
measured,  and  when  the  soil  is  undisturbed  and  free  from  unnatural  influ- 
ences.  It  is  also  a  requirement  that  continuous  records  be  obtainable  in 
the  range  of  soil  moisture  from  air-dryness  to  saturation. 

Of  the  methods  available  for  use  at  this  time,  those  employing  fabric 
electrical  resistance  units  most  nearly  approach  the  ideal.   The  use  of  radio- 
active materials,  when  further  developed,  will  almost  exactly  match  the  ideal. 
Tensiometers  are  excellent  devices  for  measurement  in  the  wet  range,  and,  used 
in  conjunction  with  fabric  units,  provide  records  for  the  complete  range  of 
soil  moisture. 

One  serious  difficulty  with  all  continuous  measuring  instruments,  how- 
ever, is  that  calibration  in  the  field  against  gravimetric  samples  is  not 
precise  because  of  soil  heterogeniety,  uneven  plant  growth  and  root  penetra- 
tion, and  uneven  soil  surface  conditions.   In  sampling  for  calibration  pur- 
poses, a  certain  portion  of  each  experimental  site  is  destroyed  for  further 
sampling. 

As  research  continues,  methodology  of  continuous  soil  moisture  measure- 
ment in  the  field  may  be  eliminated  as  a  limiting  factor,  and  then  investiga- 
tors can  devote  their  energies  exclusively  to  studies  of  the  most  dynamic  of 
all  soil  characteristics — the  soil  water  complex. 
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FOREWORD 

There  has  been  an  increasing  demand  from 
industry  for  suitable  log  grade  rules  for  southern 
hardwood  species  used  in  the  manufacture  of  veneer. 
In  view  of  this  situation,  the  Forest  Utilization 
Service  of  the  Southeastern  Forest  Experiment  Sta- 
tion sponsored  a  meeting  of  personnel  representing 
the  Southeastern  Forest  Experiment  Station,  North- 
eastern Forest  Experiment  Station,  U,  S.  Forest 
Products  Laboratory,  Tennessee  Valley  Authority, 
North  Carolina  State  School  of  Forestry,  Duke  Uni- 
versity School  of  Forestry,  and  industry.  On  Janu- 
ary 21-22,  1952,  this  group  met  to  discuss  the  need 
for  establishing  a  precise  and  workable  set  of  uni- 
form grading  rules  applicable  to  veneer  logs  and 
blocks  used  in  the  southeastern  hardwood  region,  A 
program  of  study  and  research  was  then  proposed 
that  would  conceivably  cover  all  major  aspects  of 
the  work.  This  report  is  the  first  phase  of  that 
effort  and  presents  an  analysis  of  veneer  log  de- 
fects. Additional  studies  by  the  several  eigencies 
cooperating  should  result  in  veneer  log  grades  with- 
in several  years. 


E.  L,  Demmon,  Director 


DEFECTS  IN  HARDWOOD  VENEER  LOGS: 
THEIR  FREQUENCY  AND  IMPORTANCE 

by 
E.  S.  Harrar^ 


INTRODUCTION 


Most  southern  hardwood  veneer  and  plyvood  plants  have  some  method 
of  classifying  logs  by  grade  to  control  the  purchase  price  paid  for  logs 
bought  on  the  open  market.  Such  log-grading  systems  have  been  developed 
by  experience  and  are  dependent  to  a  large  extent  upon  the  ability  of  the 
grader  and  his  knowledge  of  veneer  grades  and  yields  required  for  the 
specific  product  produced  by  his  company.   These  rule-of-thumb  grading 
systems  are  often  very  inaccurate  and  inconsistent.  Manufacturers  of  both 
high  and  low  grade  veneer  recognize  the  need  for  a  veneer-log  grading  sys- 
tem that  can  be  easily  and  uniformly  applied.  Research  agencies  and  in- 
dustry have  joined  forces  to  solve  this  problem. 

The  external  characteristics  of  a  tree  give  the  only  clue  to  the 
quality  of  veneer  that  can  be  cut  from  the  wood.  When  the  tree  is  bucked 
into  logs  or  bolts,  the  cross  sections  or  ends  of  these  logs  may  provide 
additional  indicators  of  the  quality  of  wood  in  the  log.   Thus,  it  becomes 
important  to  study  the  abnormalities  that  can  be  seen  on  the  surface  of 
the  logs,  such  as  bumps,  knots,  and  bark  distortions,  and  to  correlate  the 
occirrrence  of  these  imperfections  with  the  quality  of  veneer  that  is  pro- 
duced from  the  log.   It  is  also  necessary  to  observe  the  abnormalities  on 
the  ends  of  the  logs,  especially  when  these  are  not  revealed  on  the  log 
surface,  and  to  correlate  these  with  veneer  quality. 

Four  of  the  most  commonly  used  hardwoods  in  the  southern  veneer  mills 
were  selected  for  study.  They  are:  sweetgum  (Liquidambar  styraciflua) , 
yellow-poplar  (Liriodendron  tulipifera),  blackgum  (Nyssa'sylvatica) ,  and 
water  tupelo  (Nyssa  aguaticaTI 


1/  Professor,  Wood  Technology,  Duke  University.   Professor  Harrar 
was  on  sabbatical  leave  during  this  study  and  employed  as  Technologist, 
Forest  Utilization  Service,  Southeastern  Forest  Experiment  Station. 


Table  1. — Frequency  of  defect  indicators  in  veneer  blocks 

(in  percent) 

ON  CIRCUMFEE^NCE  OF  BLOCKS 


Indicators 

;  Yellow-poplar 
;  (2213  blocks 
;   observed) 

Sweetgum 
(2182  blocks 
[   observed) 

;    Tupelo 

(1367  blocks 
[   observed) 

[       Blackgum 
\    (1246  blocks 
;   observed) 

Bird  peck 

23.0 

17.0 

(1/) 

(1/) 

Buds,  adventitious    5^.0 
dormant        6l,0 

14.0 
17.0 

13.0 
73.0 

9.0 
44.0 

Bulges 

0.0 

0.0 

0.0 

0.0 

Burls 

0.0 

(1/) 

19.0 

7.0 

Butt  scars 

(1/) 

(1/) 

(1/) 

(1/) 

Butt  swell 

0.0 

3.0 

41.0 

18.0 

Flanges 

0.0 

3.0 

27.0 

2.0 

Grooves 

(1/) 

(1/) 

(1/) 

(1/) 

Holes  (all  types] 

27.0 

21.0 

8.0 

11.0 

Knots 

24.0 

18.0 

13.0 

14.0 

Seams 

(1/) 

(1/) 

(1/) 

(1/) 

Spiral  bark 

0.0 

1.3 

0.0 

0.0 

Tension  wood  (ex- 
cessive crook) 

3.0 

(1/) 

0.0 

0.0 

AI 

'   ENDS  OF  BLOCKS 

Flag  worm 

(1/) 

(1/) 

0.0 

0.0 

Gum  spots 

0.0 

(1/) 

0.0 

0.0 

Heart  rot 

J+.o 

7.0 

2.7 

1.4 

Pith  fleck 

0.0 

0.1 

0.0 

0.0 

Ring  shake 

(1/) 

1.3 

8.2 

3.h 

Stain,  blue          (2/) 
pathological 

heartwood     0.0 
fire  streak    (l/) 
blue  butt      21.0 
brown          k , 0 

(2/) 

26.0 

(1/) 
0.0 

3.0 

(2/) 
0.0 

(1/) 

0.0 
0.0 

(2/) 
0.0 

(1/) 

0.0 
0.0 

Spider  heart 

3.0 

2.0 

4.0 

2.0 

Double  pith 

0.1 

0.0 

0.0 

0.0 

Wind  shake 

0.0 

(1/) 

16.0 

7.0 

Out-of -round 

(1/) 

(1/) 

(1/) 

(1/) 

1/  Less  than  1  percent. 

2/  Subject  to  stain  under  conditions  favorable  for  fungus  growth. 
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Visits  were  made  to  22  widely-separated  veneer  plants  in  North  and 
South  Carolina  to  ascertain  the  various  factors  important  in  a  study  of 
log  defects.   Seven  of  these  mills  were  selected  as  most  suitable.   These 
included  three  single-ply  mills,  two  stock  panel  plants,  and  two  mills 
which  are  operated  as  part  of  a  furniture  company.   These  mills  cut  a 
variety  of  logs  ranging  from  Appalachian  hardwoods  to  bottomland  hardwoods 
of  the  Coastal  Plain. 

At  each  of  the  selected  mills,  thousands  of  logs  were  observed  and 
many  of  the  logs  were  photographed  showing  the  bark  and  end  imperfections. 
Additional  photos  followed  the  defects  through  the  log  as  the  veneer  was 
peeled.  These  data  were  summarized  to  give  a  frequency  of  defect  indica- 
tors in  veneer  blocks  (table  l)  and  to  provide  qualitative  data  on  the  ef- 
fect of  various  log  abnormalities  on  the  veneer  produced.   It  should  be 
noted  that  when  the  same  sort  of  defect  appeared  more  than  once  in  a  given 
block,  only  one  such  defect  was  recorded  in  the  tally.  No  attempt  was  made 
in  this  study  to  relate  the  type  of  defect  and  the  yield  of  veneer  recovered. 
For  those  interested  in  more  detailed  information  on  mills  studies  and  re- 
lated data,  see  Appendix  kjij 


DEFECT  INDICATORS  ON  CIRCUMFERENCE  OF  LOGS 

In  veneer  logs,  a  distinction  must  be  made  between  abnormalities 
that  are  detrimental  to  sheet  quality,  and  unusual  growth  phenomena  that 
do  not  degrade  the  product.   Though  such  distinctions  are  often  fraught 
with  difficulty,  an  attempt  is  made  to  describe  them  as  well  as  possible 
in  the  following  pages.  For  purposes  of  convenience,  indicators  are  divid- 
ed into  two  classes,  namely,  external  deformations  of  bark  occurring  on  the 
log  circumference  and  defects  which  show  on  the  sawed  ends. 


BIRD  PECK 

During  periods  of  migration,  yellow-bellied  sapsuckers  subsist  al- 
most entirely  on  the  sap  of  certain  trees.  The  holes  they  drill — commonly 
extending  to  and  even  beyond  the  cambium — are  known  as  bird  peck  (fig.  l). 
Occasionally  these  holes  are  made  at  only  wide  and  infrequent  intervals, 
but  as  a  rule  the  birds  peck  out  countless  numbers  of  closely  crowded  ex- 
cavations each  from  a  quarter  to  a  half  inch  in  diameter.   The  holes  are 
arranged  in  more  or  less  horizontal  tiers  encircling  the  tree  trunk;  in 
extreme  cases  more  bark  is  destroyed  than  is  left  undamaged.  Under  such 
circumstances  trees  are  in  effect  girdled,  and  consequently  die. 

Bird  peck  apparently  occurs  most  frequently  on  vigorous,  fast- 
growing,  thrifty  trees.  Among  the  four  species  of  veneer  logs  observed, 
bird  peck  was  much  more  common  in  yellow -poplar  and  sweetgum  than  in  tupelo 
and  blackgum.  Of  the  latter  two  species,  only  half  a  dozen  of  each  showed 
evidence  of  sapsucker  activity. 


2/  Appendix  A  is  not  printed  with  this  report,  but  copies  are  avail- 
able on  request  from  the  Southeastern  Forest  Experiment  Station,  Asheville, 
N.  C. 
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Figure  l.--Bird  peck.  A  and  B,  Fresh  bird-peck  damage  in  ye How -poplar.  C  and  D,  Old  bird- 
peck  activity  in  sweetgum  as  indicated  by  transverse  checks  in  the  bark  and  stain  blemish  in 
the  veneer. 


Peck  holes  of  recent  origin  are  characteristically  dry  and  open,  but 
those  which  were  made  many  years  ago  are  usually  closed  with  plugs  of  callus 
or  traumatic  tissue. 

Generalizations  relating  to  the  effect  of  bird  peck  upon  the  quality 
of  veneer  logs  cannot  be  made  without  specific  reference  to  species.  For 
example,  the  bark  of  yellow-poplar  is  considerably  thicker  than  that  of  many 
other  species  within  the  same  diameter  classes  and  very  few  holes  are  drilled 
that  actually  penetrate  beyond  the  cambium.  The  cambial  region  itself,  how- 
ever, is  frequently  damaged  or  at  least  stimulated  to  such  a  degree  that  the 
elements  in  the  initiating  layer  under  the  wound  become  realigned.   This  in 
turn  becomes  manifest  in  the  layers  of  wood  subsequently  laid  down  on  the 
bole  as  localized  grain  distortions.  Complete  obliteration  of  bird  peck  ac- 
tivity on  yellow -poplar  bark  is  rare;  only  a  few  large  mountain-grown  logs 
were  observed  during  peeling  operations  in  which  bird  pecks  showed  up  in  the 
veneer  when  the  bark  evinced  no  such  injury. 

When  a  block  of  bird-pecked  yellow-poplar  is  turned  on  a  lathe,  one 
may  observe  many  small,  often  obscure,  nearly  orbicular  to  broadly  elliptical 
blemishes  on  the  face  of  the  veneer,  each  of  which  is  traceable  to  the  wood 
directly  below  a  peck  hole.  Upon  closer  scrutiny  of  the  sheet  it  may  be  seen 
that  these  blemishes  are  sound,  localized  areas  in  the  wood  in  which  the  grain 
has  a  pronounced  radial  undulation  or  is  othei^ise  distorted.  As  the  block 
continues  to  turn,  the  lathe  knife  eventually  reaches  the  point  of  original 
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damage.   This  is  often  signalled  "by  greater  grain  distortion  and  occasion- 
ally by  zones  of  discoloration.   Ordinarily,  however,  these  zones  are  very 
narrow  and  quickly  disappear  with  two  or  three  more  full  turns  of  the  block. 
Of  the  more  than  100  logs  l6  inches  in  diameter  or  larger  with  moderate  to 
abundant  bird  peck,  no  unsound  blemishes  were  noted  in  the  outer  one-third 
to  one-half  of  the  cylinder.  Sound  blemishes  of  this  sort  in  yellow-poplar 
(fig.  1,  A  and  B)  do  not  devalue  veneer  used  for  center  stock,  cross-banding, 
and  sound  or  clear  backs  for  panels,  but  may  lower  the  value  of  face  grade 
veneer. 

In  contrast,  sapsucker  activity  in  sweetgum  often  results  in  serious 
damage  to  potential  veneer  logs.  Since  the  bark  of  this  species  is  compara- 
tively thin,  the  birds  in  making  fresh  tap  holes  commonly  drill  across  the 
cambium  into  the  outer  periphery  of  the  woody  cylinder.  Excavations  such  as 
these  provide  a  readily  accessible  entrance  into  the  wood  for  stains  (fig.  2), 
and  wood-destroying  fungi.  Localized  regions  in  logs  and  blocks  contaminated 
in  this  manner  provide  very  little  quality  veneer.   Old  wounds  on  sweetgum 
will  eventually  disappear,  but  transverse  bark  checks  usually  indicate  deep 
sapsucker  wounds. 

Bird  peck  blemishes  in  a  sheet  of  sweetgum  veneer  similar  to  those 
described  for  yellow-poplar  are  traceable  to  shallow  peck  holes  which  approach 
but  do  not  traverse  the  cambium.  Where  the  peck  holes  extend  across  the  cam- 
bial  region,  however,  the  character  of  the  blemishes  is  considerably  altered. 
Some  exhibit  minute,  centrally  disposed  perforations;  others  encircle  plugs  of 


Figure  2. — Areas  of  discoloration  in  sweetgum  caused  by  bird  peck. 
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callus  tissue  or  included  bark,  and  practically  all  of  them  are  the  focal 
points  of  unsightly  stains  and  streams  of  decay.   The  initial  attack  may 
have  been  made  many  years  before  the  log  was  harvested,  but  the  defects 
continued  to  develop  as  new  wood  was  laid  down  on  the  cylinder  and  very 
frequently  may  be  observed  by  merely  removing  the  bark. 

The  infrequent  bird  peck  in  tupelo  and  blackgum  is  reflected  In 
veneer  in  a  manner  similar  to  that  described  for  ye How -poplar. 


BUDS 

Adventitious  and  dormant  buds  are  commonly  confused  with  one  another, 
but  have  distinctly  different  origins,  and  their  manifestations  in  the  veneer 
sheet  are  also  different. 

Adventitious  buds. — Adventitious  buds  usually  arise  from  mature  tissue 
adjacent  to  or  associated  with  a  wound,  usually  at  the  end  of  a  branch  stub. 
In  sweetgum  and  yellow-poplar  they  ordinarily  occur  in  clusters  of  from  few 
to  many  upon  a  raised  area  of  bark  in  which  the  normal  growth  pattern  has  be- 
come distorted,  but  on  old-growth  logs  they  are  often  obscure,  having  become 
more  or  less  embedded  in  the  corky  layers  of  the  bark.  This  is  particularly 
true  where  the  underlying  branch  stub  is  some  distance  from  the  surface  of 
the  log.  By  contrast,  in  blackgum  and  tupelo  they  are  more  commonly  scatter- 
ed over  the  bole  and  are  easily  overlooked. 

Immediately  below  the  bark,  clusters  of  adventitious  buds  appear  in 
the  wood  as  clusters  of  small  pin-like  knots.  As  the  block  is  peeled,  they 
sometimes  diminish  slightly  in  size,  and  at  the  same  time  appear  to  be  em- 
bedded in  bark  pockets  or  in  zones  of  stain  and  incipient  decay.  Blemishes 
of  this  sort  are  often  erroneously  interpreted  as  burls,  and  if  sound,  are 
permitted  in  all  but  the  best  grade  of  veneer.  In  blackgxjm  and  tupelo  they 
usually  appear  in  a  sheet  of  veneer  as  elliptical  distortions  of  the  grain, 
commonly  with  included  bark.  Clustered  adventitious  buds  are  often  erron- 
eously referred  to  as  burls,  but  should  not  be  confused  with  these  structures. 

Figure  3  shows  a  bark  distortion  with  associated  adventitious  clus- 
tered buds  on  ye How -poplar.  When  the  wound  or  branch  stub  is  deeply  em- 
bedded, as  is  often  the  case  in  large  logs,  these  clusters  of  pin  knots  ex- 
tend in  an  unbroken  strand  through  the  wood  from  a  point  alongside  the  buried 
branch  stub  or  wound  to  the  surface  of  the  log.   In  logs  of  small  diameter 
such  clusters  connote  a  knot  or  wound  at  or  near  the  surface,  the  exposure  of 
which  is  often  made  in  merely  rounding  out  the  block. 

In  general,  clusters  of  adventitious  buds  on  yellow-poplar  and  sweet- 
gum  logs  not  only  in  themselves  produce  blemishes  in  sheets  of  rotary-cut 
veneer,  but  also  signal  the  presence  of  larger  and  far  more  serious  defects 
below. 

Clusters  of  adventitious  buds  on  the  boles  of  blackgum  and  tupelo  were 
not  common;  they  were  noted  on  only  about  kO   logs.  The  detection  of  the  buds 
themselves  is  often  difficult  unless  they  have  sprouted,  a  phenomenon  that 
occasionally  occurs  in  the  storage  yard. 
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Dormant  buds. — As  the  name  im- 
plies, dormant  buds  are  mature,  ar- 
rested buds  complete  with  embryonic 
axes  (fig.  h) .      In  response  to  growth 
stimuli  they  are  capable  of  develop- 
ing normal-appearing  shoots  along  the 
boles  of  trees  that  are  known  as  epi- 
cormic  branches,  or  perhaps  more  fami- 
liarly as  "water  sprouts."  Their  pre- 
sence in  the  folds  of  bark,  although 
often  difficult  to  detect,  is  the  re- 
sult of  an  interesting  growth  phenome- 
non. These  buds,  often  many  years  of 
age,  were  originally  situated  in  the 
leaf  axils  of  terminal  and  lateral 
twigs.  While  in  a  state  of  rest  they 
became  Incorporated  in  the  bole  follow- 
ing diameter  enlargement  and  thus  were 
transferred  literally  from  their  ori- 
ginal mother  shoot  to  the  periphery  of 
the  ever  enlarging  trunk.  The  morpho- 
logical aspects  of  this  process  can 
best  be  appreciated  if  one  splits  longi- 
tudinally a  stem  or  branch  bearing  one 
or  more  such  buds  and  observes  the  fine 
tracery  of  water-conducting  tissue  that 
extends  from  the  base  of  a  bud  back 
through  the  bark  and  wood  to  its  point 
of  origin.  This  transverse  strand  of 
tissue  elongates  concurrently  with  in- 
crease in  diameter  growth,  suid  in  this 
manner  keeps  the  bud  supplied  with  food 
and  water.   If  a  strand  becomes  ruptur- 
ed, the  bud  to  which  it  was  connected 
dies  and  eventually  sloughs  off  with  the 
bark  in  which  it  was  embedded. 

In  rotary-cut  veneers,  these  radi- 
ally aligned  tissue  bundles  appear  on  the 
face  of  sheets  of  veneer  as  minute  pin 
knots.  These  are  not  of  sufficient  mag- 
nitude to  affect  sheet  quality  adversely 
except  in  face  stocks,  and  then  only  when 
their  frequency  is  greater  than  two  per 
square  foot  of  surface  area. 


"TV* 


^i.--  ^*^ 


Figure  k, — Dormant  buds.  A,  Dormant  bud 
sprouting  on  sweetgum  log.   B,  Pin  knot 
in  veneer  traceable  to  dormant  bud.  C, 
Traces  of  dormant  buds  on  peeled  tupelo 
log. 
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BULGES 


3/ 


Lockard  e^  al.^  describe  bulges 
as  abrupt  barreling  effects  at  the  base 
of  trees  or  upward  at  any  level  along 
their  boles,  and  point  out  that  these 
malformations  are  indicative  of  advanced 
stages  of  heartwood  decay.  A  butt  bulge 
usually  signifies  a  hollow  core  with 
varying  amounts  of  decay  above  the  swell- 
ing. Stem  bulges,  although  seldom  hol- 
low, signify  localized  heart  rot,  and 
hence  are  also  a  region  of  cull.  Blocks 
or  logs  featuring  butt  or  stem  bulges 
contain  volumes  of  merchantable  wood  in 
the  outer  regions  of  the  cylinder,  but 
since  it  is  impossible  to  chuck  material 
of  this  sort  firmly  in  a  lathe,  such  logs 
are  ordinarily  considered  worthless  for 
the  production  of  rotary-cut  veneer. 
Trees  with  prominent  butt  bulges  are 
either  jump-butted  at  the  time  of  felling 
or  left  standing;  stem  bulges  are  common- 
ly removed  from  felled  timber  as  a  part 
of  the  logging  operation. 

Figure  5  shows  a  butt  bulge  in 
sweetgum. 


BUMPS 

The  many  sorts  and  kinds  of  pro- 
tuberances and  localized  swellings  on 
the  surfaces  of  logs  are  called  bumps. 
Surface  rises  of  the  sort  described  by 
Lockard  and  his  associates  (see  footnote 
3)  are  included  in  this  class  of  indica- 
tors of  defect,  but  burls,  which  are  de- 
scribed elsewhere  in  this  paper,  are  ex- 
cluded. 


•  '^'«?r^''*  "'i  sj'  1    —  ■»!i^'■^■^,J^^^^'- 
Figure  % — Butt  bulge  in  sweetgum. 


A  bump  as  defined  by  Lockard  et  al.  is  "a  protuberajice  of  the  log 
which  is  covered  with  wood  and  bark.... A  minimxam  bump  is  arbitrarily  de- 
fined as  a  swell  on  the  surface  with  a  taper  steeper  than  1  to  6.... If 
it  has  a  taper  flatter  than  1  to  6,  it  is  classed  as  a  surface  rise." 
This  distinction  was  made  in  factory  logs  because  surface  rises  usually 
indicated  deeply  buried  defects  that  could  be  disregarded.  Surface  rises 


3/  Lockard,  C.  R.,  Putnam,  J.  A.,  and  Carpenter,  R.  D.   Log  de- 
fects in  southern  hardwoods.   USDA,  Forest  Service,  Agriculture  Handbook 
No.  V.  June  1950. 


In  veneer  logs  and  blocks,  however,  invariably  connote  defect,  which  in 
sweetgum  and  tupelo  often  lies  close  to  the  surface  of  a  log,  and  hence 
is  of  major  concern  to  the  manufacturer  of  veneer. 

High  bumps  are  those  having  a  taper  sharper  than  1  to  3i  low  bumps 
(including  surface  rises)  have  taper  less  than  1  to  3« 

High  bumps. --High  bumps  (fig.  6)  may  appear  at  any  point  along  a 
log,  and  as  a  rule  foretell  the  presence  of  sound  or  rotten  projecting 
limb  stubs  and  knots,  well  developed  clusters  of  adventitious  buds,  local- 
ized splits  or  seams,  or  ingrown  bark.  Bumps  on  butt  logs  and  blocks  har- 
vested from  local  woodlots  should  be  carefully  scrutinized  since  they  fre- 
quently encase  nails,  spikes,  barbed  wire,  or  other  pieces  of  metal  which 
would  severely  damage  knife  and  pressure  bar  if  undetected  (fig.  ?)• 


Low  bumps. — Low  bumps  (including  surface  rises)  usually  connote 
the  presence  of  wounds,  bark  inclusions,  localized  decay,  and  in  some 
cases  rather  deeply  recessed  branch  stubs  and  knots.  Occasionally,  low 
bumps  on  sweetgum  logs  indicate  the  presence  of  superficial  gum  cysts. 
Logs  receiving  shotgun  blasts  not  infrequently  develop  low  bumps  in  the 
vicinity  of  the  wound,  with  decay  developing  around  the  embedded  lead 
pellets  (fig.  8).  Figure  9  shows  a  buried  seam  with  included  bark  under 
an  elongated  low  bump. 


^    \ 


% 


Figure  6. — High  bump  on  yellow -poplar.  A,  Bark  removed  to  show  layer  of  wood  over  branch 
stub.  B,  Veneer  underlying  bump,  showing  recently  buried  branch  stub  and  associated  decay. 
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Figure  7. — High  bumps.  A  and  B,  High  bump  on  basal  log  of  tupelo  caused  by  embedded  wire. 
C  and  D,  High  bump  on  basal  sweetgum  log  caused  by  spike.  Bumps  on  basal  logs  should  be 
examined  carefully  for  incased  bits  of  metal. 
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Figure  8. — A,  Low  bump  in  sweetgum  caused  by 
shotgun  pellets.  B,  Decay  developing  around 
embedded  lead  pellets. 
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Figure  9. — A,  Elongated  low  bump  in  sweetgum  log  22  inches  in  diameter.  B,  Buried  seam 
with  included  bark  under  low  bump  of  A. 
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BURLS 


Burls  are  woody  excrescences  that  develop  on  the  sides  of  trunks 
and  occasionally  limbs  of  trees,  and  may  occur  singly  or  literally  cover 
a  stem.  For  the  most  part  they  are  either  hemispherical  or  broadly  con- 
ical in  shape  with  smooth  or  corrugated  surfaces.   In  some  instances  they 
contain  partly  developed  buds  and  bark  pockets,  but  they  are  commonly 
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Figure  10. — Burl  on  tupelo  log.  Note  complete  obliteration  of  burl  following  rounding, 
and  solid,  defect-free  wood  below. 
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Figure  11. --A  and  B,  Small  burls  on  blackgum  log  which  "washed  out"  in  the  rounding.   C, 
Cross-section  through  a  burl  on  tupelo.  Note  absence  of  defect  below  burl.  D,  Small  burl 
on  a  sweetgum  log.  Burls  on  the  gums  are  more  commonly  defective. 
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sound  and  feature  excessively  distorted 
grain.   In  fact,  they  develop  to  such 
proportions  on  some  trees  that  they  them- 
selves are  prized  for  the  fancy  face  ve- 
neers of  rare  and  pleasing  figures  which 
they  produce. 

The  origin  of  burls  is  not  clear- 
ly understood  at  the  present  time.  Some 
appear  to  have  developed  as  a  result  of 
injury,  and  others  are  "believed  to  deve- 
lop as  a  response  to  fimgal  and  bacterial 
irritations  in  the  cambium. 


In  this  study  trUe  burls  were  ob- 
served only  on  logs  of  tupelo,  blackgum, 
and  occasionally  on  sweetgum.  They  oc- 
casionally included  small  bark  pockets, 
but  for  the  most  part  were  composed  of 
solid  wood  with  excessively  distorted 
^  fiber  alignment,  Sound  burls  cannot  be 

classed  as  defect  on  veneer  logs  and 
>^   blocks,  since  they  arise  on  wood  that  has 
^  been  laid  down  normally  in  the  growth  of 
^  the  tree,  and  are  themselves  removed  in 
the  rounding  procedures  prior  to  peeling. 
Burls  containing  decay,  however,  must  be 
classed  as  a  defect,  since  rotting  often 
"sva  progresses  into  the  main  cylinder  of  the 
ifet  wood  under  them. 

Figures  10  and  11  show  a  number  of 
solid  burls  on  tupelo  and  blackgum  and 
the  clear  surface  of  the  logs  following 
their  removal. 


BUTT  SCARS 


Figure  12. --Butt  scar. 


Standing  trees  occasionally  have 
prominent  triangular  to  semi-elliptical 
basal  wounds  of  various  magnitudes  from 
which  the  bark  has  been  skinned  off  so 
that  a  portion  of  the  woody  cylinder  in  exposed  (fig,  12),  This  injury, 
known  as  butt  scar,  is  often  traceable  to  repeated  fires  or  logging  damage. 
Green  healthy  sapwood  laid  bare  in  this  manner  usually  becomes  the  focal 
point  of  insect  infestations,  stains,  and  wood-rotting  fungi.  The  wood  in 
old  scars  is  often  completely  destroyed  and  hollow  butts  result,  while  above 
the  open  face  of  the  woixnd,  decay  of  the  heartwood  has  advanced  upward  in 
the  bole  from  a  few  inches  to  several  feet.  Trees  with  butt  scar,  like  those 
with  butt  bulge,  are  usually  jump-butted  at  the  time  of  felling. 
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BUTT  SWELL 

The  water  level  in  many  hardwood  swamps  of  the  southeastern  coastal 
plains  fluctuates  several  feet  during  the  course  of  a  year;  in  fact,  inun- 
dation is  often  so  general  that  bare  ground  is  exposed  only  briefly  during 
prolonged  periods  of  dryness,  Tupelo  and  blackgum  growing  on  such  sites 
characteristically  develop  broadly  buttressed  bases  known  as  butt  swell 
(fig.  13). 

Under  ordinary  circumstances  butt  swell  (which  should  not  be  con- 
fused with  butt  bulge)  is  not  a  defect,  at  least  in  the  usual  sense,  since 
the  wood  in  this  region  of  the  log  is  usually  sound,  even  though  it  may 
differ  from  that  on  the  bole  above  the  swelling.  Veneer  made  from  such 
material  is  usually  short -grained  because  of  the  relative  alignment  of  the 
fibers  with  respect  to  the  orientation  of  the  lathe  knife.   It  is  markedly 
cross-grained,  and  seldom  can  be  dried  without  inducing  severe  stresses 
which  result  in  excessive  warpage  of  the  sheet.  With  special  treatment 
and  care,  such  veneers  are  suitable  for  center  stocks  and  other  uses. 

In  extreme  cases,  and  notably  when  trees  are  subjected  to  nearly 
permanent  inundation,  swell-butt  wood  is  so  brash,  soft,  and  weak,  and  of 
such  low  density  that  it  is  practically  worthless  for  veneer  use;  under 
such  conditions,  butt  swell  must  be  regarded  as  a  defect. 


Figure  13.--Butt  swell. 


-  16  - 


FLANGES 


,* 


I. 


Some  trees  growing  on  moist  low 
ground  develop  radial,  wing-like  pro- 
jections at  the  bases  of  triinks  that 
gradually  blend  into  the  tree,  finally 
disappearing  altogether  at  a  distance 
of  from  k  to  6   feet  above  the  ground. 
These  buttresses  or  convolutions  are 
termed  flanges.  Flanges  are  occasion- 
ally found  on  sweetgum,  but  since  the 
wood  in  these  structures  is  usually 
eliminated  in  the  rounding  they  seldom 
influence  veneer  quality.   In  old-growth 
sweetgum  an  adjacent  pair  of  flanges 
will  occasionally  merge  and  entrap  poc- 
kets of  bark  which  may  be  superficially 
included  in  the  cylinder  following  pre- 
liminary rounding  (fig.  1^).   In  most 
instances,  however,  such  inclusions  are 
removed  with  only  a  few  additional  turns 
of  the  block  in  the  lathe. 


Ordinarily,  flanges  cannot  be 
considered  as  indicators  of  defect;  they 
should  be  disregarded  in  assaying  grades 
of  logs. 


GROOVES 


Figure  l4. --Included  bark  between  merged  flanges 
in  butt  cut  of  sweetgum  log. 


Grooves  are  U-shape'd,  shallow 
channels  on  the  faces  of  logs.  Both 
longitudinal  or  spiral  grooves  are  form- 
ed under  the  stems  of  woody  vines  which 
have  used  the  trees  for  support  over  a 
period  of  many  years.  Grooves  were 
noted  in  all  four  species  under  observa- 
tion but  were  most  pronounced  on  thin-barked  tupelo  logs,  where  margins  rose 
slightly  above  the  nonnal  peripheral  contour  of  the  bole  to  form  ridges  much 
like  dikes  along  either  side  of  a  streajn. 


Fiber  alignment  in  the  wood  immediately  adjacent  to  these  depressions 
is  often  irregular,  but  because  of  their  superficial  nature  the  depressions 
will  be  turned  off  as  waste  in  the  rounding  and  are  not  a  veneer  log  defect. 


HOLES 


Holes  are  traceable  to  insects  and  birds,  rotted  branch  stubs,  bullets 
and  buckshot,  tongs  used  in  skidding  and  loading  operations,  and  some  kinds 
of  merchanlcal  injury.  Superficial  holes  of  recent  origin  have  no  influence 
upon  either  the  yield  or  quality  of  veneer,  since  they  are  wholly  contained 
within  the  peripheral  zone  of  the  log  that  is  removed  as  waste  in  the  round- 
ing. On  the  other  hand,  old  holes  that  extend  to  a  depth  greater  than  l/2 
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Inch  Into  the  woody  cylinder  signal  hidden  defect,  often  of  major  propor- 
tions.  In  addition  to  appearing  as  voids  in  the  veneer  sheet  with  each 
full  turn  of  the  block  against  the  knife,  these  holes  are  also  the  focal 
points  for  staining  and  wood-destroying  fungi,  the  activities  of  which 
further  reduce  quality  and  yield. 

Holes  traceable  to  insects. — The  large  grub-worm  emergence  holes 
characteristic  of  oaks  and  several  other  species  were  observed  in  a  few 
logs  of  blackgijm,  but  no  grub-worm  damage  was  detected  in  the  other  three 
species  examined  during  peeling  operations. 

Small  borings  about  I/16  inch  in  diameter,  commonly  known  as  pin 
holes,  are  made  by  several  species  of  ambrosia  beetles  and  other  small 
wood-boring  insects.  Such  holes,  often  extending  well  into  the  sapwood 
zone,  are  commonly  overlooked  in  grading  a  log  since  they  are  more  or  less 
obscured  by  folds  in  the  bark.   Those  made  by  the  Columbian  timber  beetle 
(flag  worm)  are  soon  obliterated;  fortunately,  the  detection  of  the  one- 
time presence  of  this  organism  in  a  log  usually  can  be  made  on  the  ends  of 
logs  (see  flag  worm). 

Some  ambrosia  beetles  attack  catfaces  and  other  open  wounds  on  the 
faces  of  trees,  but  since  wounds  of  this  sort  are  usually  in  a  state  of 
decay,  they  represent  regions  of  major  cull  irrespective  of  evident  beetle 
activity.  Such  timber  is  rarely  brought  to  a  veneer  plant. 

Under  favorable  conditions,  ambrosia  beetles  will  attack  old-growth, 
green,  sweetgum  logs  following  their  delivery  to  a  mill.  Bore  holes  are 
clearly  evident  and  unless  the  blocks  are  immediately  sprayed  with  suitable 
chemicals  or  placed  in  steam  box  or  vat,  the  sapwood  zone  is  quickly  riddled 
and  unfit  for  production  of  quality  veneer.  Although  numerous  attempts  have 
been  made  to  promote  the  use  of  wormy  veneer  in  decorative  paneling,  moder- 
ate to  heavy  ambrosia  beetle  damage  must  be  classified  with  the  major  defects 
of  veneer  logs.  Sheets  with  moderate  damage  of  this  sort  are  suitable  for 
center  stocks,  however. 

Holes  traceable  to  birds. — Tap  holes,  borings  made  by  sapsuckers,  and 
their  influence  upon  veneer-log  quality,  have  been  described  in  the  section 
on  bird  peck. 

Holes  traceable  to  gunshot, — Suspected  bullet  holes  should  be  probed. 
Bullets  near  the  surface  should  be  chopped  out,  those  logs  in  which  penetra- 
tion is  extensive  should  either  "he   carefully  worked  or  discarded.  While 
soft  lead  bullets  rarely  impair  knife  or  nose  bar  on  contact,  steel  bullets 
will  play  havoc  with  these  parts  of  a  lathe.  Old  bullet  holes  are  commonly 
associated  with  rot,  and  thus  slugs  are  often  found  completely  buried  in 
rotten  wood. 

The  effect  of  a  full  charge  of  buckshot  in  the  face  of  a  tree  is  more 
damaging  than  that  of  a  single  bullet;  each  hole  in  the  scatter  pattern 
(fig.  15)  is  a  point  of  entry  for  wood-destroying  fungi,  and  decay  in  such 
regions  is  often  rather  general.  Holes  made  by  buckshot  superficially  re- 
semble those  of  the  ambrosia  beetles,  but  upon  careful  examination  it  may 
be  observed  that  many  of  them  do  not  enter  the  stem  in  a  radial  direction. 
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Holes  resulting  from  rotted  branch  stubs  and  knots. — The  loss  of 
branch  stubs  and  knots  through  the  normal  process  of  decay  produces  unoc- 
cluded  openings  in  the  faces  of  logs,  under  which  decay  of  the  woody  cylin- 
der is  often  extensive.  The  larger  and  deeper  the  hole,  the  more  widespread 
is  the  region  of  decay.   Cull  factors  should  be  applied  to  logs  with  defects 
such  as  these,  since  both  the  quantity  and  quality  of  veneer  they  are  cap- 
able of  yielding  is  very  low. 

Holes  made  by  tongs. — It  is  common  in  many  logging  operations  to  em- 
ploy tongs  in  the  skidding  and  loading  of  logs  and  blocks  destined  for  a 
veneer  mill.  The  broad,  elongated,  sometimes  blunt  points  of  such  hooks, 
often  2  to  3-l/2  inches  in  length,  tear  and  gouge  sizeable  holes  in  the  sur- 
faces of  logs.  Each  time  a  log  is  handled  in  this  manner  a  new  pair  of 
holes  results.  During  the  course  of  this  study  innumerable  logs  and  blocks 
were  observed  in  which  tong  holes  were  the  only  visible  defects.  Such  holes 
not  only  limit  clear  sheet-width  but  cause  stains  and  decay  (fig.  l6). 

The  replacement  of  tong  hooks  with  slings  and  chokers  in  the  woods 
operations  would  eliminate  this  unnecessary  waste.  High-grade  logs,  for 
which  top  prices  have  been  paid,  could  then  be  made  to  produce  maximum  yields 
of  the  quality  veneer  expected. 


Figure  l6. — This  began  as  a  tong  hole.  Note  stain  and  Incipient  decay  in  otherwise 

defect-free  veneer  sheet. 
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KNOTS 

A  knot  may  be  defined  as  a  branch  that  is  embedded  in  a  tree  trunk. 
If  a  branch  remains  alive  while  being  enveloped  by  the  bole,  a  tight  knot 
is  produced.   If,  on  the  other  hand,  the  branch  is  dead,  its  subsequent 
envelopment  results  in  a  loose  knot.   Unsound  knots  are  those  which  have 
been  partially  destroyed  by  decay.  When  a  branch  has  been  removed  and  its 
stub  covered  by  a  layer  of  wood,  an  embedded  knot  results. 

Knots  of  various  kinds  are  by  far  the  most  common  and  most  impor- 
tant defects  in  hardwood  veneer  logs.  Exposed  knots  (fig.  1?)  are  common 
features  of  small  marginal  logs  and  those  cut  from  upper  levels  of  a  tree 
trunk.  Butt  logs  from  yellow -poplar,  sweetgum,  tupelo,  and  blackgum  are 
exceptionally  free  from  exposed  knots,  since  the  lower  portions  of  the 
trunks  of  forest-grown  trees  of  these  species  are  usually  clean  and  full- 
rounded  by  the  time  they  attain  peeler-log  size. 

In  logs  13  to  16  inches  in  diameter,  embedded  knots  are  often  only 
an  inch  or  two  below  the  surface;  the  amount  of  clear  wood  in  logs  within 
these  diameter  classes  is  rather  limited.  Embedded  knots  in  logs  2i^-  inches 
or  more  in  diameter  are  usually  3  to  6  inches  or  more  below  the  surface; 
thus  the  recovery  of  defect-free  veneer  is  generally  greater  with  increase 
in  diameter.  When  the  stubs  of  such  knots  are  6  inches  or  less  from  the 
surface,  their  presence  can  usually  be  detected  by  irregularities  in  the 
bark  pattern  overlying  them  (see  section  describing  overgrowths).   Tupelo 
and  swamp-grown  blackgum  prune  themselves  early,  and  embedded  knots  are 
so  deeply  recessed  that  in  butt-cut  logs  most  of  them  are  commonly  con- 
tained within  the  residual  core  or  begin  to  appear  in  numbers  only  as  the 
core  is  approached. 

In  veneers  used  in  the  assembly  of  plywood  panels,  the  size,  num- 
ber, condition  and  periodicity  of  knots  are  chief  among  the  limiting  fac- 
tors used  in  establishing  grade.  Even  in  the  lowest  quality  of  veneers 
such  as  those  used  in  sheathing  and  package-grade  plywood,  specifications 
restrict  the  size  and  number  of  knots. 

When  a  log  has  numerous  exposed  knots,  and  particularly  when  the 
knots  are  h   inches  in  diameter  and  larger,  veneer  yield  is  often  reduced 
50  percent  or  more.  The  remainder  is  fuel  for  the  boiler  plant. 


OA^ERGROWTHS 

Full-rounded  well-formed  peeler  logs  and  blocks  without  obvious 
defects  will  lead  an  untrained  observer  to  the  erroneous  conclusion  that 
large  volumes  of  clear,  high-grade  veneer  may  be  procured  from  such  mate- 
rials. Unfortunately,  this  is  not  always  the  case.  An  experienced  in- 
spector will  commonly  detect  a  number  of  small,  localized  and  often  in- 
conspicuous deviations  from  the  normal  bark  pattern.   These  seemingly 
harmless  growth  abnormalities  of  the  bark  are  highly  significant  in  pre- 
dicting veneer-log  quality,  since  they  actually  portend  hidden  defects 
such  as  deeply  buried  knots,  insect  injury,  barbed  wire,  bullets,  decay, 
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Figure  17. --A  series  of  photos  tracing  knots  through  a  yellow-poplar  block  from  bark  to  core. 
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and  the  like.   Collectively  these  bark  distortions  are  known  as  overgrowths , 
and  as  Lockard  et  al.  (footnote  3)  have  pointed  out,  they  are  phases  of  the 
various  log  abnormalities.   In  some  of  them  the  pattern  is  so  consistent 
that  the  nature  of  the  underlying  defect  can  be  predicted  with  a  high  de- 
gree of  accuracy;  in  others  the  patterns  are  variable  and  little  or  no  cor- 
relation between  the  patterns  and  what  is  under  them  has  been  found. 

After  many  years  of  continued  diameter  growth  of  a  tree,  localized 
bark  distortions  become  obliterated  with  the  formation  of  bark  that  has  nor- 
mal appearance.  An  inspector  may  be  reasonably  certain  that  such  logs  con- 
tain large  volinnes  of  clear  wood  that  will  yield  much  veneer  of  quality. 

Since  the  bulk  of  hardwood  veneer  is  now  produced  from  relatively 
small  logs  and  blocks  of  second-growth  timber,  overgrowths  are  common  and 
their  role  in  determining  log  quality  is  highly  significant. 

Overgrowths  in  ye How -poplar. --The  most  common  overgrowths  found  in 
yellow-poplar  are  those  associated  with  knots  and  clusters  of  adventitious 
buds.  When  a  branch  stub  lies  close  to  the  surface  of  a  log,  the  bark  pat- 
tern is  usually  circular  in  outline  and  often  furnished  with  a  bracket  or 
shelf -like  structure  on  the  side  nearest  to  the  base  of  the  tree.   Those 
overlying  more  deeply  recessed  branch  stubs  feature  cross-seams  and  angular 
or  curved  longitudinal  fissures.  Figure  l8  illustrates  a  number  of  over- 
growths of  this  sort,  and  figure  19  shows  the  nature  of  the  veneer  under 
one  of  them. 

In  the  course  of  time  bird  peck  holes  commonly  become  occluded  with 
plugs  of  callus.   Eventually  all  evidence  of  early  bird  peck  becomes  lost, 
unless  attacks  have  been  staged  periodically  over  the  years.   In  such  an 
event,  it  is  possible  to  determine  the  extent  of  attack  by  observing  the 
degree  of  callus  formation  on  the  different  tiers  of  wounds,  the  oldest 
wounds  of  course  being  completely  occluded  and  sometimes  nearly  obliterated, 
while  the  newest  are  often  wholly  devoid  of  callus  formation.   In  such  cases 
bird  peck  patterns  are  general  throughout  much  of  the  veneer  peeled  from  the 
logs.  As  previously  indicated,  bird  peck  damage  in  yellow-poplar  is  usually 
superficial.   When  a  log  is  heavily  pitted  and  shows  evidence  of  repeated 
attacks,  due  allowance  should  be  made  for  degrade,  because  incipient  decay 
and  stain  are  likely  to  be  present. 

Overgrowth  in  yellow-poplar  due  to  insect  attack  was  not  observed. 
Logs  containing  the  work  of  the  Columbian  timber  beetle  were  examined  but 
the  entrance  holes  of  these  insects  were  not  detected. 

Overgrowths  over  adventitious  buds  are  similar  to  those  over  deep- 
ly recessed  branch  stubs.  As  a  matter  of  fact,  adventitious  bud  formation  - 
frequently  develops  over  a  branch  stub,  and  in  the  veneer  sheets  suggests  a 
cluster  of  pin  knots,  sometimes  with  included  bark. 

Overgrowths  in  sweetgum. — One  of  the  most  common  types  of  overgrowth 
in  second-growth  sweetgum  logs  of  small  diameter  is  the  "cat's  eye."   This 
is  a  slightly  depressed  bark  distortion  indicative  of  the  presence  of  a 
buried  branch  immediately  below  (fig.  20).   The  distortions  on  larger  logs 
or  where  the  stub  is  more  deeply  buried  are  quite  similar  to  those  of  yellow- 
poplar.   Obliteration  of  overgrowths  on  sweetgum  appears  to  take  much  longer 
than  in  yellow -poplar. 
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Figure  l8. — Overgrowths   in  ye How -poplar. 
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Figure  19. — Veneer  under  an  overgrowth  at  approximately  2-inch  intervals  along  the 

radius  of  a  yellow-poplar  block. 
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Figure  20.— Cat's  eye  and  defect  in  underlying  veneer  from  sweetgum  block.   Cat's 
eyes  are  usually  slightly  depressed. 
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Bird  peck  overgrowths  on  sweetgum  are  also  similar  to  those  of  yellow- 
poplar.   However,  short  crossbreaks  in  the  bark  from  8  to  l6  inches  or  more 
in  length  (fig.  IC)  usually  signify  deeply  recessed  bird  peck  damage. 

Flag  worm  is  a  common  defect  in  sweetgum  veneer,  yet  the  entrance 
holes  of  the  insects  causing  this  damage  are  difficult  to  detect,  and  over- 
growths, if  they  exist,  were  not  identified  with  any  degree  of  certainty. 

Overgrowths  in  tupelo. --Tupelo  prunes  itself  easily  and  early  in 
youth,  and  most  logs  of  peeler  dimension  are  exceptionally  free  from  bark 
indicators  of  this  sort.   The  most  common  overgrowth  is,  of  course,  that 
associated  with  a  branch  stub.   Occasionally  overgrowths  develop  in  butt 
logs  where  flanges  of  a  buttressed  base  have  coalesced  to  include  a  pocket 
of  bark.   Bird  peck  is  not  common  to  this  species,  nor  is  there  much  in  the 
way  of  insect  damage. 

Overgrowths  in  blackgum. — Blackgum  from  deep  coastal  swamps  is  similar 
to  tupelo  in  its  pruning  habits,  and  overgrowths  are  only  occasionally  ob- 
served on  peeler-size  logs  of  these  trees.   Blackgum  logs  from  drier  upland 
sites,  however,  show  a  variety  of  overgrowth  patterns,  the  cause  of  which  can- 
not be  ascertained  until  the  logs  are  peeled.   Branch  stubs  and  pockets  of  rot 
are  the  two  most  common  defects  encountered  under  the  overgrowths. 


SEAMS 

Seams,  like  heart  check,  are  radial  separations  of  the  fiber  along  the 
grain.   Unlike  heart  check,  which  is  largely  restricted  to  the  heart  center 
of  a  log,  seams  develop  at  the  periphery  and  extend  inward  for  varying  dis- 
tances, depending  upon  the  severity  of  the  separation.   When  of  recent  origin, 
they  appear  as  open  longitudinal  splits  of  bark  and  wood.   Old  seams  that 
have  partially  or  wholly  healed  are  margined  with  callus  or  completely  sealed 
with  such  tissue.   Shallow  seams  less  than  one  inch  in  depth  can  usually  be 
disregarded  in  judging  the  quality  of  a  veneer  log,  as  they  are  commonly 
peeled  off  in  preliminary  rounding  operations.   Deeper  seams  restrict  sheet 
widths  to  each  full  turn  of  the  lathe.   Old  seams  and  raised  seams  in  which 
the  callus  folds  are  drawn  up  into  a  ridge  usually  indicate  decay  (fig.  2l), 
so  that  the  losses  from  seam-scored  logs  may  be  considerably  greater  than 
those  caused  by  a  seam  alone.   In  fact,  the  depth  of  a  seam  and  condition  of 
wood  surrounding  it  may  be  such  that  the  log  is  wholly  unfit  for  production 
of  quality  veneer. 

Seams  are  defects  in  veneer  logs  except  as  noted  above.   They  are  rea- 
sonably common  in  sweetgum  and  tupelo  logs.   They  were  observed  much  less  fre- 
quently in  yellow-poplar  and  blackgum. 


SPIRAL  BARK 

External  characteristics  seldom  give  a  clue  to  grain  orientation  on 
the  woody  bole.   Bark  patterns  of  sweetgum,  however,  appear  to  be  an  excep- 
tion to  this  rule.   Sweetgum  is  usually  straight-grained  or  spiral,  but  occa- 
sional trees  are  severely  cross-grained.   A  spiral-bark  pattern  often  indicates 
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Figure  21. — Seam  in  sweetgum  block.     Note   streak  of  decay  below  seam. 
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this  latter  condition.   Spiral  bark 
does  not  connote  defect  in  the  usual 
sense,  but  its  presence  on  sweetgum 
logs  (fig.  22)  invariably  indicates 
wood  of  inferior  quality  and  limited 
utility.  Logs  with  spiral  grain  pro- 
duce veneers  with  rough,  uneven  sur- 
faces that  shrink  and  warp  excessively 
in  drying.   In  the  development  of  any 
set  of  log  grades  involving  sweetgum, 
the  degrading  effect  of  spiral  bark 
must  be  considered,  even  when  such 
logs  are  otherwise  free  from  external 
indicators  of  defect. 


TENSION  WOOD 

Wood  on  the  upper  side  of  lean- 
ing trunks  or  the  convex  side  of  bowed 
stems  grows  under  mechanical  stress. 
It  has  been  well  established  that  wood 
from  these  regions  is  physically, 
chemically,  and  anatomically  different 
from  normal  wood.   Such  material  is 
known  as  tension  wood.  Logs  and  blocks 
containing  it  are  featured  by  eccentric 
growth  rings.   In  extreme  cases  veneer 
containing  tension  wood  produces  a 
woolly  surface  likely  to  result  in  very 
poor  glue  bonds  when  assembled  into 
plywood  panels.  There  is  no  reliable 
means  for  predicting  tension  wood,  but 
when  ring  eccentricity  is  the  greatest, 
tension  wood  appears  to  be  most  strong- 
ly developed. 


Figure  22. — A,  Spiral  bark  in  sweetgum. 
B,  Rough  cut  veneer  from  spiral-bark  log. 


Woolly  veneers  traceable  to  the  presence  of  tension  wood  were  observed 
in  both  yellow-poplar  and  sweetgum  at  infrequent  intervals.  Excessive  bow 
and  eccentricity  of  growth  in  veneer  logs  should  be  a  cause  for  degrade,  not 
only  because  of  the  possible  presence  of  tension  wood,  but  also  because 
veneers  from  such  sheets  will  contain  much  short-grain  material. 


INDICATORS  OF  DEFECT  ON  THE  ENDS  OF  LOGS 


BARK  POCKETS 

Bark  pockets  are  small  patches  of  bark  that  have  become  incorporated 
into  the  woody  bole  as  a  result  of  injury  to  the  cambium  or  where  pockets  of 
bark  are  entrapped  by  adjacent  flanges  growing  together  (see  section  describ- 
ing flanges).  While  bark  pockets  are  sometimes  discernible  on  the  ends  of 
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logs,  they  are  found  more  often  under  bark  distortions  during  turning  opera- 
tions. The  bark  patterns  over  such  areas  are  in  no  way  diagnostic,  and  pro- 
vide no  visual  means  for  predicting  what  might  lie  beneath  them.  Bark  poc- 
kets are  commonly  present  in  sweetgum  and  tupelo. 

Veneers  with  included  bark  are  unsuited  for  face  stocks  and  quality 
crossbanding.  Thus  bark  pockets  must  be  classed  as  defects  in  veneer  logs. 


FLAG  WORM 

On  the  ends  of  logs  one  may  often  see  oval  or  eliptical  spots  of 
stain,  darker  at  the  edges.   In  rotary-cut  veneer  this  stain  shows  as  long, 
narrow  areas  of  discoloration  with  two  to  four  worm  holes  I/32  to  I/16  inch 
in  diameter  (fig.  23).  This  defect  is  caused  by  the  Columbian  timber  beetle, 
The  discoloration  is  often  referred  to  as  flag  worm,  flag,  spot,  or  steam- 
boat. 

No  reliable  means  is  known  for  determining  the  presence  of  flag  worm 
in  standing  trees,  although  small  pin  holes  in  the  bark  occasionally  show 
recent  beetle  infestation.  These  holes  are  soon  obliterated,  and  this  pre- 
vents detection  of  defect.  Even  though  the  ends  of  logs  and  blocks  are  free 
of  flag  worm  damage,  it  may  occur  elsewhere  in  the  log. 

Flag  worm  is  fairly  common  in  sweetgum,  occasional  in  yellow-poplar, 
and  rare  in  tupelo  and  blackgum.  Veneer  with  flag  worm  is  unsuited  for  face 
or  sound  back  sheets  used  in  the  assembly  of  quality  plywood  panels,  but 
would  not  be  rejected  in  veneer  for  center  stock. 


GUM  SPOTS 

Gum  spots  occur  infrequently  in  sweetgum  and  may  be  seen  on  the  log 
ends  as  sticky,  reddish-brown  smears  of  gum  that  have  exuded  from  traumatic 
canals  and  cysts.  Their  formation  is  believed  to  be  the  result  of  physio- 
logical disturbances  and  possibly  mechanical  injury.  Where  flow  is  abundant, 
adjacent  cells  and  even  those  further  removed  from  the  canals  and  cysts  are 
often  infiltrated  with  gummy  inclusions.   In  the  veneer  sheet,  these  regions 
of  infiltration  appear  in  the  form  of  streaks  or  splashes  of  irregular  con- 
tour with  sticky  or  glazed  surfaces  which  cause  gluing  problems. 

Gum  cysts  are  largely  restricted  to  the  basal  portions  of  old  trees, 
and  are  usually  superficial  in  character.  Ordinarily  they  are  removed  in 
the  preliminary  rounding  of  a  block.  Gum  canals  (or  ducts),  on  the  other 
hand,  may  be  found  at  any  point  within  the  bole. 

The  occasional  presence  of  a  small  gum  spot  should  not  be  considered 
in  the  grading  of  a  log,  but  where  spots  are  rather  general,  allowance  for 
degrade  should  be  made. 
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Figure  23. --A,  Flag  worm  in  sweetgum.  B,  Flag  worm  injury  in  veneer,  with  holes 

caused  by  Columbian  timber  beetle. 
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HEART  ROT 

Advanced  heeirt  rot  (fig.  2k)  in  a  log  makes  it  impossible  to  chuck 
the  log  firmly  in  a  lathe,  even  though  the  log  contains  an  outer  shell  of 
sound  wood.  Such  a  log  should  be  culled. 


LOOSE  HEART 

Superficially  at  least,  loose  heart  resembles  ring  shake  (see  page 
Zk)»     In  fact,  to  most  lathe  operators  loose  heart  is  merely  another  mani- 
festation of  ring  shake.  But  unlike  ring  shake,  which  may  develop  anywhere 
in  a  log  between  pith  and  bark,  loose  heart  is  confined  to  the  heart  center 
of  a  log.  It  appears  on  the  ends  of  logs  as  one  or  more  lines  of  rupture 
between  growth  rings.  Since  these  lines  of  rupture  usually  follow  what  ap- 
parently was  the  original  form  of  the  young  stem,  the  condition  probably  com- 
menced when  the  stem — then  a  crooked,  suppressed  sapling — was  released  from 
competition.  This  defect  was  infrequent  in  all  species  studied. 


In  effect,  a  log  with  loose  heart  comprises  an  inner  cylinder  of  wood 
surrounded  by  a  more  or  less  detached  outer  layer  (fig.  25).  This,  coupled 
with  the  fact  that  wood  from  the  vicinity  of  loose  heart  is  usually  soft, 
brash,  and  below  average  density  for  that  of  the  species,  makes  the  turning 
of  such  logs  difficult.  Chucks  csuinot  be  firmly  seated  in  soft,  brashy  wood. 
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Figure  2k. — Heart  rot  in  yellow-poplar. 
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and  a  block  will  "hang  up"  on  the  nose  "bar  and  knife;  meanwhile  if  the  chucks 
continue  to  turn,  the  heart  center  becomes  free  and  further  peeling  is  im- 
possible.  The  use  of  larger  chucks  will  often  prevent  this  difficulty,  but 
in  any  case  the  residual  core  is  large  and  veneer  yield  small.  Eccentric 
chucking  of  such  blocks  in  a  lathe  permits  a  degree  of  salvage,  but  here 
again  large  cores  are  inevitable  and  veneer  recovery  is  incomplete.  When  the 
central  core  about  loose  heart  is  particularly  brash  and  weak,  the  revolving 
block  may  suddenly  split  open  and  break  out  of  the  lathe  before  peeling  is 
completed,  in  which  case  it  is  rendered  completely  worthless  for  further  pro- 
duction of  veneer.   Finally,  if  the  loose-heart  zone  is  large  and  the  chucks 
fall  inside  of  the  loosened  area,  peeling  is  impossible. 


PITH  FLECKS 

Pith  flecks  are  caused  by  small  larvae  of  certain  flies  that  mine  in 
the  cambium.  The  activities  of  these  insects  produce  channels  which  in  turn 
are  quickly  closed  with  wound  tissue.   New  wood  eventually  forms  over  these 
wounds,  and  they  become  incorporated  in  the  bole  as  it  enlarges. 

These  flecks  can  be  detected  in  sapwood  on  the  ends  of  logs,  where 
they  appear  as  minute,  dark  reddish-brown  crescents.   In  the  faces  of  rotary- 
cut  veneers  they  have  the  aspect  of  short,  often  vermiform  streaks  1/16  to 
1/4  inch  wide  and  1/2  to  2  inches  long.  Pith  flecks  were  only  occasionally 
observed  during  the  study,  and  then  they  were  limited  to  an  occasional  sweet- 
gum  log  harvested  from  the  Piedmont  region  of  North  Carolina. 

Pith  fleck  is  a  blemish  that  may  be  regarded  as  a  defect  in  face 
veneers  but  should  not  be  considered  as  such  in  crossband  and  center  stocks. 


RING  SHAKE 

Ring  shake  is  a  term  describing  partial  or  complete  separation  of 
fibers  between  adjacent  annual  rings  (fig.  26).   Similar  circular  separations 
occasionally  develop  within  the  annual  ring,  but  these  are  far  less  common 
than  those  appearing  at  the  ring  boundaries.  Ring  shake,  also  known  as  wind 
shake  and  cup  shake,  is  thought  to  result  from  excessive  wind-sway,  heavy 
frosts  followed  by  subsequent  shrinkage  and  the  swelling  of  the  wood,  shrink- 
age caused  by  chemical  changes  in  the  older  wood,  and  shifting  of  the  center 
of  gravity  of  a  tree  by  partial  loss  of  the  crown  which  tilts  the  bole  with 
attending  disturbances  to  the  root  system.  Whatever  the  cause,  damage  of 
this  sort  in  some  trees  is  often  so  extensive  that  whole  logs  must  be  com- 
pletely culled.   In  green  timber  such  lines  of  rupture  are  frequently  so 
minute  that  they  may  go  undetected  until  the  exposed  ends  of  logs  begin  to 
dry  out  and  shrink. 

Ring  shakes  are  not  restricted  to  any  particular  zone  in  the  bole. 
When  incipient  in  character  or  if  poorly  developed  and  confined  to  heart- 
center  of  a  veneer  block,  they  cannot  be  classed  as  defects  if  such  blocks 
can  be  chucked  in  a  lathe  and  turned  against  the  knife.   Elsewhere  in  a 
veneer  block,  however,  they  constitute  defect  of  major  proportions. 
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Figure  25. — Loose  heart  in  tupelo  and  its  effect  on  the  cutting  of  rotary  veneer. 
In  photo  C  the  veneer  core  separated  from  rest  of  bolt  when  knife  entered  loose 
heart  zone. 
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Figure  26. — Ring  shake  in  tupelo  log  ends  and  in  the  veneer. 
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Among  the  four  species  under  observation,  ring  shake  was  most  pre- 
valent in  tupelo.  Veneer  cut  from  such  material  is  often  overly  rough. 
The  length  of  thin  sheets  is  limited  to  the  possible  number  of  turns  be- 
tween any  two  adjacent  lines  of  rupture,  while  in  thicker  stocks  sheet 
continuity  is  interrupted  by  (l)  checks  extending  into  the  sheet  for  vary- 
ing distances  from  either  of  its  edges  or  (2)  partial  separations  appear- 
ing in  the  form  of  oblique  fissures  extending  well  into  and  even  through 
the  sheet  from  face  to  face. 

In  most  species,  ring  shake  can  be  detected  with  certainty  only  after 
a  tree  is  felled.  But  in  tupelo  stands  the  partial  loss  of  the  upper  crowns 
of  trees  is  often  an  indication  of  the  presence  of  this  defect.   On  some 
sites  ring  shake  is  so  prevalent  that  practically  all  trees  of  merchantable 
proportions  are  similarly  defective. 


STAINS 

Indications  of  stain  and  abnormal  discoloration  are  sometimes  visible 
along  the  saw  cut  at  the  ends  of  logs  and  blocks;  otherwise  they  are  seen 
only  after  peeling  has  commenced.   Unless  veneer  sheets  are  selected  for 
uniforaiity  of  color,  most  stains  have  little  influence  upon  sheet  quality. 
Stains  caused  by  insect  of  fungal  activity,  however,  entail  losses  in  veneer 
yield. 

Discolorations  in  Sweetgum 

Mineral  stain. --Mineral  stain,  also  termed  mineral  streak  and  calico 
streak,  is  a  common  feature  of  sweetgum  logs.   Originating  in  the  sapwood, 
and  believed  to  be  the  result  of  physiological  disturbances,  the  zones  of 
discoloration  appear  on  the  ends  of  logs  as  small,  irregularly-shaped, 
reddish-brown  patches  up  to  an  inch  or  more  in  width.   On  the  faces  of  veneer 
sheets  they  appear  as  hair  lines  or  streaks  up  to  1  inch  in  width  and  3  feet 
in  length,  usually  ending  in  forked  tips  or  attentuated  points.  Deeply  pig- 
mented streaks  are  prone  to  check  in  drying,  although  this  checking  is  much 
more  common  in  boards  than  in  thin  veneers.   Some  plywood  manufacturers  insist 
that  the  glazed  surface  of  such  streaks  often  makes  gluing  difficult.   Mineral 
streak  reduces  the  value  of  veneer  that  must  be  selected  for  uniformity  of 
color;  for  most  uses,  however,  it  is  not  objectionable. 

Pathological  heartwood. — Some  sweetgum  logs  are  characterized  by  tan- 
gential bands  or  rings  of  dark  reddish-brown  wood  in  the  sapwood  zone  (fig. 
27).   These  bands  have  the  appearance  of  normal  heartwood  and  are  believed 
to  be  the  result  of  injury  in  the  sapwood  region.   In  the  veneer  sheet,  patho- 
logical heartwood  appears  as  ribbons  or  broad  bands  between  sections  of  nor- 
mally pigmented  sapwood.   Pathological  heartwood  and  mineral  stain  are  closely 
associated  and  commonly  occur  in  the  saune  log. 

In  veneer  unselected  for  color,  pathological  heartwood  is  not  objec- 
tionable and  under  normal  circumstances  cannot  be  regarded  as  a  defect. 


37  - 


3^'  it   '<r'  ' 


Figure  27. — Pathological  heartwood  in  sweetgum. 


Blue  stain. — Blue  stain  is  a  very  common  discoloration  in  sapwood 
sweetgum  logs,  particularly  in  the  South  during  periods  of  warm, humid 
weather.   This  grayish  to  blue  discoloration,  often  enveloping  the  entire 
sapwood  zone  on  the  ends  of  logs,  is  the  result  of  fungi  which  inhabit 
freshly  cut  timber.   These  fungi  feed  on  food-stuffs  stored  in  certain 
woody  cells,  and  while  they  do  not  attack  the  cell  wall,  they  are  often 
associated  with  decay  fungi.   Because  blue  stain  fungi  usually  being  their 
development  on  the  ends  of  logs  and  work  inward,  sheets  of  veneer  cut  from 
infected  logs  have  bluish  margins  of  varying  width,  with  occasional  dis- 
colored areas  that  extend  across  the  face  of  sheets. 

Blue  stain  is  an  objectionable  discoloration  and  should  be  regarded 
as  a  defect  in  veneer  logs. 

Stains  indicative  of  decay. — Dull  yellow  to  yellow-brown,  or  bleached 
irregular  streaks  or  spots  on  the  ends  of  logs  are  usually  indicative  of  in- 
cipient if  not  actually  advanced  stages  of  decay.  Since  decayed  wood  is  of 
little  utility  in  producing  veneers,  due  allowance  for  cull  should  be  made 
in  all  logs  exhibiting  discolorations  of  these  hues. 
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Flag  worm  streaks. --Such  discolorations  are  discussed  under  the 
heading,  Flag  Worm. 

Stains  In  Yellov-Poplar 

Blue -butt. — This  Is  a  term  applied  to  the  butt-cut  faces  of  yellow- 
poplar  logs  In  which  part  or  all  of  the  heartwood  is  blue  to  blue-black  in 
color.  When  blue-butt  logs  are  peeled,  the  sheets  of  veneer  are  character- 
ized by  colorful,  variegated  patterns  of  blue,  purple,  lavender,  green, 
orange,  and  reddish  hues.  These  pigmentations  are  not  permanent,  but  appear 
to  be  photo-chemically  active,  for  within  a  short  time  after  exposure  all  of 
them  fade  to  a  nearly  uniform  olive  and  brown. 

Blue-butt  zones  of  discoloration  are  more  or  less  conical  in  shape, 
with  the  apex  of  the  colored  cone  often  from  12  to  20  feet  above  the  stump. 
The  wood  in  the  blue-butt  zone  is  commonly  water-soaked;  thus,  drying 
schedules  should  be  modified  for  veneers  from  this  region  in  order  to  bring 
them  down  to  a  moisture  content  equitable  with  normally  colored  veneer. 
This  deep  discoloration  is  not  associated  with  decay.  Blue-butt  veneers  are 
suitable  for  any  of  the  components  of  a  plywood  panel  except  face  stocks 
selected  for  uniformity  of  color. 

Blue-stain. — Blue-stain  should  not  be  confused  with  blue-butt  since 
the  former  is  restricted  to  sapwood  and  the  latter  to  the  heartwood  zone. 
Blue-stain  is  often  abundant  on  yellow-poplar  logs  which  have  been  stored 
in  wood  yards  during  periods  of  warm,  humid  weather.  The  effect  on  the  wood 
is  similar  to  that  in  sweetgum. 

Fire-streak. — Small  jet-black  patches  of  irregular  contour  commonly 
may  be  observed  flecking  the  sapwood  zone  on  the  ends  of  some  logs  of  yellow- 
poplar.   In  the  veneer  sheet  they  appear  as  attenuated  streaks  6  to  15  inches 
or  more  in  length,  and  often  an  inch  or  more  in  width.  There  is  no  evidence 
to  suggest  that  these  streaks  are  associated  with  decay,  but  excessive  longi- 
tudinal checking  commonly  occurs  in  these  areas  as  they  dry  out.  Fire-streaks 
are  objectionable  in  face  veneers;  hence  they  constitute  a  defect  atnd  are  a 
cause  for  degrading  a  log  in  which  they  are  present.  They  are  not  a  cause 
for  rejection  in  sheets  destined  for  crossbandlng  and  center  stocks. 

Brown-stain. — Brown  discolorations  ranging  from  yellow-brown  to  a  dull, 
drab,  dark  brown  almost  Invariably  signal  the  presence  of  decay  in  yellow- 
poplar  logs.   The  colors,  however,  should  not  be  confused  with  the  rich,  olive 
and  brown  hues  of  blue-butt  that  have  undergone  photo -chemical  change. 

Such  areas  of  discoloration  on  the  ends  of  logs  are  soft,  and  can 
easily  be  dug  out  with  a  pen  knife.   In  the  veneer  sheet  they  are  character- 
ized by  rough  surfaces  and  loosely  attached  fibers  or  slivers.  Brown-stain 
is  a  cause  for  heavy  culling  in  all  veneer-grade  logs  of  yellow-poplar. 

Stains  in  Tupelo  and  Blackgum 

Fire-streak  and  blue-stain. — These  are  discolorations  common  to  both 
of  these  species.   The  Influence  of  fire-streak  is  similar  to  that  described 
for  yellow-poplar.   Blue-stain  in  tupelo  and  blackgum  resembles  blue -stain 
in  sweetgum. 
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stains  indicative  of  decay. — Certain  fungi  attacking  the  wood  of 
these  two  species  developed  a  fine  black  line  between  zones  of  incipient 
and  advanced  decay.  These  lines,  which  often  appear  in  the  form  of  hair- 
line closures  around  zones  of  abnormal  discoloration,  usually  Indicate 
advanced  heartwood  decay.  Logs  so  marked  should  be  heavily  culled. 


SPIDER  HEART 

The  heart  centers  of  large  old-growth  trees  of  several  species  are 
sometimes  characterized  by  a  number  of  longitudinal  splits  or  separations 
extending  radially  outward  from  a  common  point  in  the  pith.  These  separa- 
tions on  the  ends  of  logs  form  stellate  patterns  known  as  spider  or  star 
heart  (fig.  28). 

Spider  heart  was  observed  in  both  yellow-poplar  and  in  sweetgum, 
but  only  at  infrequent  intervals.   It  appeared  to  be  most  strongly  deve- 
loped in  blue-butts  of  ye How -poplar,  i.e.,  those  logs  which  featured  large 
volumes  of  bluish-black  colored  heartwood  at  the  time  of  felling. 

In  veneer  logs  in  which  the  lines  of  separation  are  poorly  developed 
and  fall  wholly  within  the  confines  of  residual  cores,  spider  heart  is  not 
a  defect.  On  the  other  hand,  when  one  or  more  such  lines  of  failure  extend 
outward  into  the  woody  cylinder,  long  continuous  sheets  of  veneer  give  way 
to  the  production  of  shorts.   If  only  a  single  separation  is  encountered, 
sheet  length  is  then  equal  to  the  circumference  of  the  cylinder  at  the  point 
where  the  knife  crosses  the  break.  Such  sheets  are  suitable  for  panel  pro- 
duction, but  because  of  their  variable  lengths,  clipping  to  a  standard  or 
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Figure  28. — Spider  heart. 
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Figure  29, — Double  pith  in  yeiiow-popxai . 

specified  size  often  results  in  excessive  waste.  When  two  or  more  gaps  are 
bridged  by  the  knife  during  a  single  revolution  of  the  "block,  sheet  length 
(across  the  grain)  is  often  so  restricted  that  the  resulting  "shorts"  con- 
stitute cull. 

Thus,  while  spider  heart  does  not  adversely  affect  veneer  quality, 
it  does  reduce  yield  of  usable  veneer  in  a  log  and  should  "be  reckoned  with 
in  scaling  procedures. 


DOUBLE  PITH 

Occasionally  an  end  of  a  log  will  reveal  a  pair  of  pith  centers 
usually  with  an  intervening  strip  of  bark  extending  across  the  center  of 
the  log  midway  "between  them.  This  growth  configuration,  known  as  double 
pith,  is  traceable  to  the  branches  of  a  forked  stem  which  through  the  years 
became  enveloped  in  the  bole  by  the  normal  processes  of  diameter  enlargement 
(fig.  29). 

Double  pith  is  best  observed  on  the  ends  of  logs  cut  at  a  point  just 
below  the  existing  fork;  it  may  be  found  in  nearly  every  species,  but  is 
particularly  well  developed  in  those  trees  with  broadly  spreading  crowns. 

Double  pith  must  "be  classed  as  a  defect  in  veneer  logs,  because  the 
swollen  edge,  the  included  bark,  and  excessive  grain  distortion  affect  veneer 
quality  and  quantity.  Diagonal  and  cross  grain  in  such  logs  are  prevalent, 
and  veneer  may  be  excessively  rough.  End  splitting  of  the  sheets  is  frequent, 
As  the  knife  crosses  the  central  bark  pocket,  sheet  continuity  is  broken,  and 
only  shorts  can  be  produced  from  the  residual  cylinder. 
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Figure  30. — Wind  shake.  Note  also  associated  ring  shake, 

WlUn  SHAKE 

Wind  shake,  like  ring  shake,  is  a  separation  of  fibers  along  weak  lines 
of  cleavage.  Wind  shake  differs  from  ring  shake,  however,  in  that  it  consists 
of  a  single  radial  split  extending  across  the  pith  (fig.  30)  •   I^^  some  in- 
stances it  is  restricted  to  the  heart  center  of  a  tree,  in  others  it  appears 
to  enlarge  progressively  with  heartwood  formation  and  then  extends  across  the 
heartwood  zone.  Wind  shake  was  observed  in  sweetgum,  blackgum  and  tupelo,  but 
appeared  to  be  most  common  in  old-growth  tupelo.   In  some  trees  it  was  re- 
stricted to  basal  portions  of  the  bole;  in  others  it  was  noted  in  blocks  re- 
moved from  just  below  the  crown. 

Wind  shake  may  be  disregarded  as  a  defect  in  veneer  logs  and  blocks 
when  contained  within  the  flange  area  of  the  lathe  chucks.  When  the  split 
extends  beyond  the  rim  of  the  chucks,  due  allowance  should  be  made  for  cull, 
since  shorts  only  can  be  produced  from  the  residual  cylinder. 


OUT -OF -ROUND  LOGS 


Many  sound  logs  and  blocks  delivered  to  veneer  plants  are  asymmetrical 
and  feature  flat  sides,  off-center  piths  or  oval  transverse  sections  (fig.  3l) 
While  such  logs  are  frequently  free  from  visible  defect,  they  are  less  desir- 
able for  the  production  of  rotary  veneer  than  full-rounded  stock.   In  the 
rounding,  much  clear  peripherial  wood  goes  into  waste,  and  the  salvageable 
shorts  must  be  spliced  to  produce  full-length  sheets,  thus  adding  to  produc- 
tion costs.  Allowance  for  waste  should  be  made  when  grading  and  scaling  such 
material. 
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Figure  31. — Out-of-round  logs  of  yellow-poplar. 
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Out-of -round  logs  are  common  to  all  four  species  included  in  this 
study,  but  were  most  frequently  encountered  in  yellow-poplar  and  sweetgum. 


DISCUSSION 

This  paper  reports  the  results  of  the  initial  phase  of  a  long-range 
research  program  leading  toward  the  development  of  a  universal  set  of  log- 
grade  rules  for  southern  hardwood  veneer  logs.   It  describes  the  visible 
characteristics  on  the  sides  and  ends  of  veneer  logs  and  blocks  that  ordin- 
arily indicate  the  presence  of  defect.  The  individual  visual  indicators  are 
identified,  and  the  blemishes  in  the  wood  under  them  are  described  in  terms 
of  their  progressive  appearance  and  change  in  the  face  of  a  ribbon  of  veneer 
as  it  develops  at  the  lathe  during  the  cutting  operation. 

No  attempt  was  made  to  determine  the  exact  effect  of  various  defects 
upon  yield  and  character  of  veneer,  since  their  quantitative  and  qualitative 
influence  is  to  be  determined  in  the  next  phase  of  this  project.  Thousands 
of  observations,  however,  have  shown  which  abnormalities  should  seriously 
degrade  veneer  logs  and  blocks,  and  which  abnormalities  are  unimportant. 

In  general,  log  quality  throughout  the  entire  southeastern  region  is 
in  steady  decline.  Virgin  timber  has  been  virtually  depleted  in  many  sec- 
tions, and  smaller,  more  highly  defective  second-growth  timber  is  being  pro- 
cessed in  ever  increasing  quantities.   In  fact,  numerous  mills  wholly  de- 
pendent upon  jobbers  and  producers  for  their  raw  material  supply  are  peeling 
little  else  but  second  growth. 

Wood  procurement  practices  vary  with  locality.   In  many  of  the  Virginia 
and  North  Carolina  plants,  deliveries  are  made  almost  exclusively  in  the  form 
of  short-length  peeler  blocks.  Each  block  is  scaled  and  graded  as  a  unit  in 
determining  price.   To  the  south  of  these  states,  procurement  of  wood  is 
usually  in  the  form  of  tree-length  logs,  although  small  quantities  of  blocks 
are  sometimes  procured  locally  from  neighboring  farm  woodlots.  Grading  of 
whole  logs  and  grading  individual  blocks  that  may  constitute  a  log  result  in 
different  quality  standards,  which,  in  these  days  of  high  stumpage  costs,  is 
readily  reflected  in  profit.   It  was  observed  repeatedly  that  the  lesser  de- 
fects in  peeler  blocks  were  immediately  detected  by  an  inspector,  and  due 
recognition  of  them  was  made  in  grading;  yet  similar  defects  in  a  full-length 
log  were  frequently  overlooked,  particularly  when  more  obvious  defects  were 
present. 

While  individual  peeler  blocks  are  commonly  free  from  visible  defect, 
rare  indeed  is  the  relatively  small,  second-growth  tree-length  log  that  does 
not  exhibit  one  or  more  indicators  of  defect  at  some  level  along  its  bole. 
For  these  reasons  it  is  believed  that  in  the  development  of  any  system  of 
log  grades  for  the  veneer  and  plywood  industry,  consideration  should  be  given 
to  the  feasibility  of  basing  the  system  upon  the  number  of  clear  blocks  of 
some  predetermined  length  that  a  given  log  will  yield.   To  the  residual  blocks 
which  possess  evident  defect,  the  four-face  concept  employed  in  judging  the 
quality  of  factory  logs  could  be  applied  with  but  slight  modification. 
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For  example,  clear  blocks  l8  inches  in  diameter  and  over  might  be 
designated  as  primes.  Those  which  are  obviously  sound,  but  in  which  the 
lateral  defects  are  restricted  to  one  face  might  be  considered  as  No.  1 
peeler  blocks.  A  No.  2  block  would  have  defects  on  any  two  adjacent  faces, 
while  a  No.  3  or  cull  would  have  defects  on  two  opposite  faces  or  any  three 
faces,  since  most  of  the  veneer  produced  from  such  logs  would  hardly  grade 
out  above  packaging  or  sheathing  grades. 

It  is  suggested  a  diameter  limit  of  l8  inches  be  put  on  prime  blocks, 
since  buried  knots  are  reasonably  close  to  the  surface  in  the  smaller  dia- 
meters, even  though  overgrowth  patterns  in  the  bark  are  sometimes  wanting. 
This  is  often  true  of  blackgxm  and  tupelo.   Clear  blocks  less  than  l8  inches 
in  diameter  should  be  classed  as  number  one  blocks  under  this  concept. 

Table  1  in  the  introduction  summarizes  the  frequency  with  which  varioi 
defects  were  observed  in  the  several  thousands  of  blocks  examined  during  the 
course  of  the  study.  It  should  be  borne  in  mind  that  the  figures  as  tabulate 
are  for  blocks  and  not  for  tree-length  logs,  and  that  many  of  the  observatior 
were  made  upon  blocks  especially  selected  for  the  production  of  face  veneers. 
It  is  believed,  however,  that  the  figures  are  reasonably  representative  of  tt 
frequency  with  which  defects  are  encountered  in  veneer  logs  currently  being 
processed  in  veneer  plants  of  the  southeastern  United  States. 
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GUM  FLOW  AND  PITCH-SOAK  IN  VIRGINIA  PINE 
FOLLOWING  FUSAEIUM  INOCULATION 

by 

George  H.  Hepting 


In  1947  (k)   the  author  reported  on  the  capacity  of  a  Fusarium  later 
named  F.  lateritlum  Nees  em.  S.  and  H.  f .  pini  Hept.  (7)  to  prolong  the 
flow  of  oleoresin  from  wounds  in  three  species  of  southern  pine.   True  and 
Snow  (8)  later  conducted  experiments  to  determine  whether  this  characteris- 
tic of  the  fungus  could  be  put  to  commercial  use  on  slash  and  longleaf  pine 
in  turpentining  operations.   Clapper  (2)  continued  the  work  started  by  True 
and  Snow  at  Lake  City,  Florida.  F.  lateritium  f .  pini  was  originally  de- 
scribed as  the  cause  of  the  pitch-canker  disease,  first  on  Virginia  pine 
( 3_)  and  later  on  a  number  of  other  hard  pines  (_5)  • 

True  and  Snow  and  also  Clapper  concluded  that  spore  suspensions  of 
the  Fusarium  sprayed  on  slash  and  longleaf  pine  induced  a  temporary  stimu- 
lation of  gum  flow,  which  on  virgin  streaks  often  lasted  several  weeks. 
But  season-long  yields  involving  rechipping  and  applying  the  fungus  every 
2  to  5  weeks  on  a  variety  of  chipping  schedules  did  not  give  gum  yields  as 
large  or  as  consistent  as  yields  from  streaks  sprayed  with  sulfuric  acid 
(2,  8).   Commercial  use  of  the  fungus  method,  therefore,  has  not  been  and 
is  not  being  recommended. 

At  least  part  of  the  ultimate  drop  in  yield  from  fungus -treated 
faces  may  be  due  to  pitch-soaking  of  the  wood.  Whereas  the  depth  of  pitch- 
soak  behind  untreated  slash  or  longleaf  faces  is  usually  only  0.1  or  0.2 
inch,  the  average  depth  behind  fungus  faces  is  often  O.5  inch  or  more.   This 
pitch  infiltration  of  the  wood  following  application  of  the  fungus  has  led 
to  research  that  is  still  continuing  on  the  use  of  the  Fusarium  to  induce 
pitch-soak  of  living  trees  for  possible  use  for  wood  naval  stores,  fence 
posts,  or  other  products. 

The  action  of  Fusarium  lateritium  f .  pini  on  Virginia  pine  is  some- 
what different  from  its  action  on  slash  and  longleaf  pine.   On  the  latter 
two  species,  the  fungus  girdles  small  twigs,  leaders,  and  branches  readily, 
and  occasionally  has  been  observed  to  girdle  stems  up  to  about  5  inches  in 
diameter.  On  larger  slash  and  longleaf  stems  the  fungus  spreads  tangentially 
in  the  bark  and  wood  with  difficulty,  and  when  introduced  in  turpentining 
wounds  spreads  very  little  tangentially.   On  Virginia  pine,  however,  tangen- 
tial spread  usually  continues,  regardless  of  stem  diameter,  until  the  stem 


is  girdled — a  process  that  may  take  10  or 
more  years  on  Virginia  pines  over  6  inches 
in  diameter  (fig.  l),   Cambial  killing  up- 
ward and  downward  from  the  inoculated 
streaks  reported  on  herein  was  at  a  rate 
of  about  3  "to  5  inches  in  each  direction 
per  year. 


Gum  Yields  from  Inoculated  Virginia  Pines 

Since  Virginia  pine  is  so  reactive 
to  the  pitch  canker  Fusarium,  experiments 
were  run  to  determine  the  gum  yield  and 
amount  of  pitch-rich  wood  produced  follow- 
ing the  application  of  spore  suspensions 
of  the  fungus  to  turpentining  streaks. 
The  method  of  preparation  and  application 
of  the  spore  suspensions  has  already  been 
described  (8). 

Table  1  summarizes  the  data  on  gum 
yield  in  experiments  at  Bent  Creek,  near 
Asheville,  North  Carolina,  at  Lenoir,  North 
Carolina,  and  at  Clemson,  South  Carolina. 
The  first  small-scale  test  was  started  at 
Bent  Creek.   Seven  trees  were  given  a  sin- 
gle chipping  in  July  19^7;  with  a  standard 
l/2-inch  wood  hack,  the  wood  extending 
around  one-half  the  circumference  of  each 
tree.  A  fresh  spore  suspension  of  Fusarium 
lateritium  f .  pini  was  atomized  on  the 
streaks.  While  these  seven  trees  received 
only  one  streak  per  year,  two  other  trees 
were  wood-chipped  once  a  week  for  32  weeks 
during  the  same  season,  and  nothing  was 
applied  to  their  streaks.   The  first-year 
yield  of  gum  per  tree  from  the  single 
"fungus"  streak  exceeded  the  yield  from  the 
32  untreated  streaks  (table  l).  During 
each  of  the  next  3  years  the  "fungus"  trees 
were  given  a  new  streak  above  the  area 
killed  by  the  fungus.   The  untreated  trees 
were  no  longer  worked.   Over  a  i<--year  period 
the  "fungus"  trees  produced  2, ^^5  grams  of 
gum  and  713  grams  of  scrapel/  per  tree,  or 
at  a  rate  of  1.7  pounds  per  tree  per  year. 
This  is  a  small  amount,  but  cheaply  obtain- 
ed from  one  streak  per  season,  compared  to 
the  8  to  9  pounds  per  year  obtained  in  chip- 
ping slash  and  longleaf  biweekly  and  using 
acid  on  the  streaks. 


.<--  ^i V;>  ><ilif..,' . ;  ,4  * .  Ju  p*'  r'V.''.T-fl 


»^p^ 


Figure  1. — A  natural  pitch  canker  infection 
on  Virginia  pine. 


1/  Scrape  is  a  portion  of  the  total  yield  which  hardens  on  the  face 
and  does  not  flow  down  into  the  container. 
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Table  1. — Gum  yields  from  VlrRlnia  pine 


Location  and  treatment 


Trees 


StreaJcs 

per 
season 


Yield  per  tree 


19k7 


Gum 


I9W 


Gum 


191^9 


Gum   [Scrape 


1950 


Gum 


[Scrape 


Total 


Number  Number   Grams  Grams  Grams  Grams  Grams  Grams  Grams 


Bent  Creek,  North  Carolina 

No  treatment,  l/2-circumference  faces 
Fungus,       1/2      "        " 

Lenoir,  North  Carolina 

Fungus,  two  1/3-circumference  faces 

Clemson,  South  Carolina 

No  treatment,  l/3-circumference  faces 
Acid,        1/3 
Fungus,       1/3      " 

2/3 

two  1/3 


Years 


2 

32 

526 

-- 

— 







526 

1 

7 

1 

770 

839 

611 

1+86 

225 

227 

3,158 

1+ 

50 

1 

— 

~ 

586 

— 

300 

250 

1,136 

2 

10 

32 

787 

592 

1,379 

2 

10 

16 

550 

550 

1 

20 

1 

kko 

259 

1I+I+ 

ll+l 

981+ 

3 

20 

1 

63U 

281+ 

173 

139 

1,230 

3 

20 

1 

740 

1+06 

211+ 

210 

1,570 

3 

An  enlarged  experiment  was  laid  out  in  April  19^8  at  Clemson,  South 
Carolina.   Ten  trees  were  wood-chipped  weekly  but  not  treated;  10  were  bark- 
chipped  biweekly  and  ^0-percent  sulfuric  acid  sprayed  on  each  streak;  20  were 
given  bark  streaks  one-third  of  the  way  around  the  circumference  and  the 
streaks  received  an  atomized  spore  suspension;  20  received  streaks  two-thirds 
around  the  circumference  and  were  inoculated,  and  20  received  two  1/3-circum- 
ference, inoculated  streaks,  one  on  each  side,  and  one  a  few  inches  higher 
than  the  other.   The  trees  were  so  distributed  by  treatments  that  essentially 
the  same  diameter  range  (approximately  7  "to  12  inches  d.b.h.)  was  represented 
by  each  treatment. 

In  April  19^9  the  fungus  faces  were  rechipped  once  into  bright  bark  be- 
yond the  killed  cambium,  the  untreated  faces  were  again  chipped  32  times  during 
the  season,  and  the  acid  treatment  was  dropped.  At  the  end  of  19^9  the  scrape 
was  collected,  and  in  April  1950  "the  fungus  faces  received  a  third  annual  chip- 
ping and  were  scraped  at  the  end  of  the  season.  The  mean  annual  yield  of  gum 
for  the  fungus  faces  after  3  years,  including  scrape,  was  O.7  pound  for  the 
1/3-circumference  trees,  0,9  pound  for  the  2/3-circumference  trees,  and  1.2 
pounds  for  the  trees  with  two  1/3 -circumference  faces  (figures  2  and  3). 

There  was  a  very  wide  range  in  gum  yield  per  tree.  At  Lenoir,  each  tree 
was  given  a  wood-chipping  on  one  side  (1/2  inch  deep)  and  a  bark-chipping  on 
the  other.   There  was  no  significant  difference  between  the  yields  from  the 
fungus  on  bark  streaks  and  yields  from  fungus  on  wood  streaks. 

In  table  2,  comparisons  are  made  between  the  season-long  yields  for  the 
highest-yielding  tree  at  each  locality  and  the  mean  of  the  other  comparably 
treated  trees.  For  the  Lenoir  and  Clemson  high-yielding  trees,  the  yields  from 
both  faces  of  these  2-faced  trees  were  very  similar,  indicating  that  the  trees 
were  truly  high-yielders.  This  confirms  the  experience  with  high-yielding 
lines  of  slash  and  longleaf  pine  (6_),  and  supports  the  view  that  this  factor  is 
of  genetic  origin. 
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Figure  2. --Virginia  pine  given  l6  standard  weekly  streaks  l/2  inch  in  width  and 
depth  and  wood  chipped.   The  l6  streaks  yielded  I.3  pounds  of  gum  (in  cylinder). 
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Figure  3. --Virginia  pine  given  only  one  streak,  1/2  inch  in  width  and  depth,  upon 
which  a  spore  suspension  of  the  Fusarium  was  sprayed.  At  the  end  of  l6  weeks  the 
tree  had  yielded  2.k   pounds  of  gum,  as  shown  in  the  glass  cylinder. 
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After  19^9,  the  Clemson  trees  were  left  without  further  treatments 
until  the  summer  of  1952,  when  they  were  cut.  At  that  time,  the  single 
fungus  faces,  including  the  three  streaks  and  killed  cambium  above  and  be- 
low the  streaks,  were  an  average  of  1^  inches  long.   There  had  been  an  aver- 
age tangential  spread  of  the  fungus  of  approximately  1  inch  from  each  edge 
of  the  original  streak  and  some  of  the  2 -faced  trees  were  completely  girdled 
and  dying. 


Table  2. --Highest  season-long  individual  tree  yields  compared 
with  average  yields  of  other  trees 


Place  and  year 


Trees 


D.b.h. 


Faces 


Weeks  per 
season 


Average 
weekly  yield 


Inches 


Number 


Number 


Grams 


Clemson,  19^8 

Best  1 

11.3 

2 

32 

58 

Other  19 

8.9 

2 

32 

21 

Bent  Creek,  19^9 

Best  1 

9.9 

1 

3^^ 

75 

Other  6 

8.9 

1 

3h 

13 

Lenoir,  1950 

Best  1 

9.2 

2 

27 

9h 

Other  k9 

9.1 

2 

27 

11 

Pitch-Soak  Following  Inoculation  of  Streaks 

The  pitch-canker  Fusarium,  whether  introduced  by  inoculation  or  natural 
means,  typically  causes  prolonged  gum  flow  and  also  causes  gum  to  be  deposited 
in  the  wood.   This  deposition  is  practically  confined  to  wood  invaded  by  the 
fungus.   If  a  complete  cross  section  is  made  through  the  trunk  behind  an  in- 
oculated area  and  a  sector  of  gum-infiltrated  wood  disclosed,  the  fungus  can 
usually  be  isolated  readily  from  the  pitch-soaked  area,  but  almost  never  from 
the  normal -appearing  wood.  Pitch-soaking  of  wood  behind  cankers  or  inoculated 
streaks  in  Virginia  pine  will  usually  extend  to  a  depth  of  1  inch  or  more  and 
often  to  the  pith  or  the  heartwood.  Vertically,  fungus  infection  and  concomi- 
tant obvious  pitch-soaking  of  wood  extended  from  3.5  "to  ^.0  inches  below  and 
2.5  to  3.5  inches  above  the  extremity  of  cambium  killing  in  the  Clemson  inocu- 
lated trees. 

In  1952,  after  3  years  of  working  the  fungus  faces  and  2  years  of  rest, 
a  bolt  was  cut  from  each  tree  at  Clemson,  just  long  enough  to  include  the  face 
and  a  few  inches  beyond.  These  bolts  were  shipped  to  the  Hercules  Powder  Com- 
pany for  analysis  of  the  amount  of  pitch-soaking  of  the  wood.  The  amount  of 
oil-free  oleoresin,  referred  to  as  crude  rosin  (benzene  extractive),  in  these 
bolts  was  determined  under  the  supervision  of  Perry  B.  Holliman. 
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All  the  cross -section  analyses,  except  the  untreated  controls,  were 
made  with  the  bark  included.   These  analyses  represent  the  faced  length  of 
the  bolts  (table  3).   The  highest  rosin  contents  obtained  are  considerably 
lower  than  the  rosin  content  of  present  commercially  acceptable  wood.  Long- 
leaf  stumpwood  now  used  for  wood  naval  stores  extraction  contains  well  over 
500  pounds  of  rosin  per  ton  of  dry  wood. 


Table  3. — Fitch-soaking  of  wood  behind  faces,  Clemson,  S.  C. 


Treatment  and  section  analyzed 


Bolt 


Diameter  ]   Length  [   Weight 


y 


Crude  rosin, 

dry- weight 

basis 


2/ 
Control-^ 

Bolt  half  without  face 

Entire  bolt 

Acid^ 

Entire  cross-section  of  treated  area 

Fungus  2j./ 

1/3-circumference— ' 

Bolt  half  with  fungus  face 
Entire  bolt 

2/3-circuiiiference^ 

Bolt  section  with  fungus  face 
Entire  bolt 

Two  l/3-circumference  faces—' 
Section  with  2  opposite  faces 
Entire  bolt 


Inches 


9.7 


9.2 


9.1 


8.1+ 


8.7 


Inches   Pounds   Percent 


29.5 


12.8 


lU.O 


23.8 


79 


26 


26 


h9 


2.9 

e.k 


7.5 


Pounds 
per  ton 

57 
127 

153 


19.5 
12.9 

390 
258 

20.0 

if02 

16.3 

331 

18.9 
16.0 

379 
321+ 

1/  At  approximately  25 -percent  moisture  content. 

2/  32  streaks  per  year  for  2  years,  and  3  years'  rest. 

3/  16   "      "    "  ,  acid-treated  for  1  year,  then  1  inoculated  streak. 

5/  1  inoculated  streak  each  in  19^8,  19^9,  and  195O,  1/3-circum. 

c   /  -\  It     t!  II  II       II       II  II         II         II       ~  /_^     . 

5/  1  ,  2/3-circum. 

1/  2  opposite  streaks    "   "   "     "    "    "  ,  each  l/3-circum. 


Per-Acre  Yield  of  Gum  and  Wood  from  Clemson  Tract 

The  Clemson  tract  contained  85  trees  between  diameter  of  6.5  and 
12.9  inches,  d.b.h.   The  mean  diameter  was  8.9  inches,  and  the  stand  was 
essentially  even-aged  with  a  mean  age  of  ^+5  years.   The  yield  of  products 
after  3  years  of  working  for  gum  is  given  below.   The  gum  was  collected  in 
conventional  Herty  cups,  the  pitch-soaked  butt  bolts  were  weighed  and  ana- 
lyzed, and  the  volume  of  pulpwood  remaining  was  measured. 
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The  following  is  the  actual  yield  of  wood  from  the  1-acre  Clemson 
stand  and  the  yield  of  gum,  had  all  85  trees  been  given  two  l/3-circunifer- 
ence  faces  per  tree,  chipped  once  a  year  and  inoculated: 

Exuded  gum,  3  years'  collection  255  pounds 

Scrape  gum,  at  end  of  third  year  39   " 

Deposited  gum,  in  2.08  tons  of  butt  bolts     532   " 

Total  826   " 

Pulpwood  yield  --------------     38  cords 


Discussion 

Although  the  fungus  did  induce  season-long  flow  from  a  single  chip- 
ping of  Virginia  pine,  and  although  considerable  gum-soaking  of  the  wood 
took  place  behind  the  faces,  the  yields  were  too  low  to  make  this  species 
attractive  at  the  present  time  for  either  turpentining  or  wood  naval  stores. 

The  danger  of  inducing  an  epidemic  of  twig  cankering  as  a  result  of 
using  the  fungus  in  turpentining  has  been  considered.   The  work  at  Clemson 
was  undertaken  only  when  it  was  confirmed  that  the  pitch-canker  disease  al- 
ready occurred  naturally,  nearby.  Several  cankers  that  yielded  Fusarium 
lateritium  f .  pini  upon  isolation,  were  confirmed  within  a  quarter-mile  of 
the  study  area.  When  the  faces  were  first  inoculated  in  19^8,  a  tally  of 
115  seedling  and  sapling  Virginia  pines  adjacent  to  the  treated  acre  dis- 
closed no  pitch  cankers.  Subsequent  annual  examination  of  these  trees  dis- 
closed only  one  branch  pitch-canker  during  the  ensuing  k   years.   Thus  the  use 
of  the  fungus  on  the  area  seems  not  to  have  resulted  in  an  increase  in  the 
pitch-canker  disease. 

The  Station's  Lake  City  Center  has  been  working  for  several  years  on  a 
selection  and  breeding  program  to  try  to  capitalize  on  high  gum-yielding  strains 
of  slash  pine  (l),  some  of  which  yielded  over  twice  as  much  gum  as  average  trees 
of  the  same  size.  One  of  the  most  interesting  results  to  come  out  of  this  cur- 
rent Virginia  pine  study  was  the  wide  spread  in  gum  yield  between  the  average 
Virginia  pine  tree  and  the  occasional  high-yielder.   For  example,  at  Lenoir  50 
trees  were  all  streaked  in  the  same  manner,  once  per  year,  starting  in  19^9. 
Yields,  generally,  dropped  in  1950  as  compared  with  19^9>  so  that  the  average 
yield  of  ^1-9  of  these  trees  in  1950  "was  only  11  grams  per  week.   One  tree,  how- 
ever, produced  an  average  of  9^  grams  per  week  over  a  27 -week  period.   This 
amount,  obtained  from  one  pair  of  fungus  streaks  (one  on  each  side),  is  almost 
as  much  as  an  average  slash  or  longleaf  pine  produces  when  given  32  untreated 
streaks  per  season.   If  it  should  be  feasible  to  propagate  Virginia  pine  vege- 
tatively,  the  fungus  method  might  be  used  on  progeny  from  trees  such  as  this 
high-yielder  to  produce  gum  very  cheaply. 
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An  o-year   summary— 

by 

Robert  A.  Campbell 
Southern  Appalachian  Research  Center 


Farm  woodlands  account  for  about  kO   percent  of  the  total  woodland 
area  of  the  Southern  Appalachians.  With  proper  care  they  could  supply 
an  important  part  of  the  forest  product  needs  of  the  region  and  at  the 
same  time  provide  a  sizeable  supplement  to  the  cash  farm  income.  Few 
such  properties  are  now  operating  at  top  capacity  in  either  respect. 

To  determine  the  actual  returns  possible  from  planned  farm  wood- 
land management,  and  to  provide  demonstration  woodlands,  four  separate 
areas  on  the  Bent  Creek  Experimental  Forest,  near  Asheville,  North  Caro- 
lina, were  set  aside  in  19^5*   These  areas  are  representative  of  many 
farm  holdings  in  size  as  well  as  in  character  of  the  timber  stand  present. 
The  cutting  plan  for  each  tract  calls  for  the  removal  of  some  products 
annually,  using  the  type  of  labor  and  equipment  that  a  farmer  would  have 
available.  Cutting  over  the  past  8  years  has  been  aimed  at  the  gradual 
removal  of  defective  and  poorly  formed  trees,  and  species  of  low  value 
(figures  1  and  2).  This  has  now  been  essentially  accomplished.   Cutting 
will  henceforth  be  scheduled  to  allow  the  desired  amount  of  growing  stock 
to  build  up,  after  which  it  will  be  sustained  at  about  the  same  level  as 
annual  growth.  Table  1  compares  the  original  stand  data  with  similar 
averages  from  the  most  recent  inventory. 

Farm  Woodlands  2  and  k   are  both  located  on  better  sites  than  are 
1  and  3«   This  explains  the  better  growth  rates  of  Woodlands  2  and  k   as 
shown  in  table  1.   It  also  explains  why  they  have  supported  heavier  cuts 
and  still  maintained  or  increased  their  volume  of  sawtimber  as  shown  in 
table  I. 

Two  of  the  tracts,  Fami  Woodlands  1  and  2,  are  being  managed  for 
small  products  such  as  small  sawlogs,  pulpwood,  and  fuelwood;  the  other 
two.  Woodlands  3  and  k,    to  produce  large,  high-quality  products  such  as 
large  sawlogs  and  veneer  logs,   Pulpwood  and  fuelwood  are  removed  in  thin- 
nings from  appropriate  areas  and  from  topwood  incidental  to  sawtimber  opera- 
tion. Other  products  such  as  locust  posts  and  dogwood  bolts  are  cut  and 
sold  when  markets  permit.  During  the  first  10  years,  comparisons  between 
the  large  and  small-product  woodlands  will  not  mean  much,  since  most  of  the 
sawtimber  cut  is  coming  from  the  larger  trees  already  present  on  all  areas. 
Thereafter,  only  small  products  will  be  grown  on  the  latter  tracts. 


1/  This  report  has  been  preceded  by  four  brief  statements  prepared 
at  intervals  of  1  year  or  more  in  unnumbered  leaflet  form. 


A^M^^, 


K&Xh 


Figure  l.--Farin  Woodland  3  before  cutting.   Note  large  rough  poplar  in  center  of 
picture,  also  numerous  forked  and  crooked  small  trees. 


Figure  2. --Farm  Woodland  3  after  cutting.   The  poorest  trees  have  been  removed, 
leaving  the  better  ones  with  room  for  rapid  development. 


A  comparison  of  the  two  successive  inventories  for  the  four  farm 
woodlands  shows  that  1  and  3  have  a  preponderance  of  volume  concentrated 
in  small  trees,  in  contrast  to  a  fairly  even  distribution  for  the  other 
pair.  As  shown  in  figure  3,  most  of  the  cut  in  Woodland  1  consisted  of 
small  trees,  whereas  large  trees  principally  were  cut  in  Woodlands  2  and 
k.  By  1955  there  will  be  no  trees  over  23  inches  d.b.h.  left  in  small- 
product  Woodlands  1  and  2. 
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Figure   3. --Cutting  during  the  first   5  years  was   concentrated  in  the   larger 

trees  on  Woodlands   2  and  h. 


Table  1. — Original  stand  in  19l^-6^  as  compared  to  stand 
in  19^1^  on  a  per-acre  basis 


Farm 
Woodland 
and  year 

Trees 

Basal 
area 

Volume 

Annual  net—  growth 

Diameter  class 

Diameter  class 

5  to  10  inches  \    10+  inches 

5  to  10  inches  \    10+  inches 

No, 


Sq.ft. 


Cds. 


B.f. 


No,  1 
19k6 
1951 

21+7 
206 

105 

93 

18.2 
14.0 

14.900 
5200 

No.  2 
191^6 
1951 

89 

101 

63 

65 

7.2 

7.5 

5I400 
14900 

No.  3 

I9h6 
1951 

lii8 
1^6 

75 
75 

10.7 
11.4 

5000 
4900 

No.  k 
I9I+6 
1951 

113 
109 

72 
72 

9.1 
8.7 

5800 
6300 

All 

l9h-6 
1951 

1I+9 
ll+O 

79 
76 

11.3 
10.4 

5300 
5300 

Cds, 


-.14 


+  .17 


+  .30 


+  .04 


+  .09 


B.f. 


l40 


260 


220 


300 


230 


1/  The  growth  figures  include  the  volumes  cut  during  the  5 -year  period. 


Eighth  Annual  Cut 

The  average  annual  sawtimber  cut  of  220  b.f.  per  acre  for  the  past 
8  years  was  about  equal  to  average  annual  growth  as  computed  from  the  two 
successive  (5-year)  inventories.   The  cordwood  cut  (1/2  cord)  was  consider- 
ably in  excess  of  computed  growth  (l/lO  cord),  but  a  large  part  of  it  came 
from  overcrowded  stands  and  from  tops  of  sawlog  trees. 

Annual  cuts  have  varied  widely  over  the  past  8  years,  ranging  from 
a  low  of  less  than  100  b.f.  and  l/lO  cord  to  a  high  of  33O  b.f.  and  1  cord 
per  acre  per  year.  Last  year's  cut  and  good  prices  boosted  the  yearly 
averages  shown  in  tables  2  and  3  appreciably;  most  of  the  volume  increase 
was  in  cordwood,  whereas  the  value  increment  was  largely  in  sawtimber. 

The  195^  cut  will  be  much  smaller,  but  the  total  value  (over  $1000 
for  stumpage)  is  expected  to  maintain  the  averages  of  most  products  and 
values,  except  for  miscellaneous  products,  which  will  be  increased.   The 
preliminary  improvement  cut  to  remove  overmature  and  defective  trees  has 
been  completed  on  only  two  of  the  areas  (Woodlands  2  and  k) ,   but  will  be 
completed  for  all  of  them  with  the  195^  cut. 
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Table  2. --Average  volume  returns  per  acre  per  year, 19^6-1953 


Area 

*    Saw timber 
;  (Int.  l/k   inch) 

:  Cordwood  : 

Tanbark 

:  Posts 

M  b.f. 

Standard 
cords 

Tons 

Number 

Woodland  1 

.17 

.79 

— 

-- 

Woodland  2 

.29 

.83 

.05 

-- 

Woodland  3 

.20 

.31 

_„ 

.11 

Woodland  k 

.2k 

.21 

-- 

.96 

Average 

.22 

.5^ 

.01 

.3 

Table  3* --Average  dollar  returns  per  acre  per  year,  19^6-1953 


Product 
and  stage 


Woodland  1  :  Woodland  2  :  Woodland  3  •  Woodland  k 


Average 


Stumpage 

Sawtimber 

1.93 

3.27 

2.40 

3.29 

2.72 

Cordwood 

1.08 

.62 

.39 

.26 

.59 

Other 

__ 

.09 

.01 

.10 

.05 

Total 

3.01 

3.98 

2.80 

3.65 

3.36 

Roadside 

Sawtimber 

4.17 

7.25 

4.81 

5.98 

5.55 

Cordwood 

6.53 

5.75 

2.53 

1.76 

4.14 

Other 

__ 

1.08 

.03 

.24 

.34 

Total 

10,70 

14.08 

7.37 

■  7.98 

10.03 

Market 

Sawtimber 

6.10 

10.14 

7.00 

8.57 

7.95 

Cordwood 

9.93 

9.36 

3.97 

2.29 

6.39 

Other 

„_ 

1.25 

.03 

.29 

.39 

Total 

16.03 

20.75 

11.00 

11.15 

14.73 

Values  of  sawtimber  and  cordwood  at  various  stages  of  production 
are  illustrated  in  figure  h-  for  the  first  two  harvests  (19^+6-19^7),  the 
19^6-1953  average,    and  the   1953  harvest. 

As   shown   in  table  4,    there  was   an  average   annual  harvesting  ex- 
penditure of  nearly  6  man-hours  per  acre  during  the  past  8  years.      If 
timber  marking  time   is   added,    the   total  approximates   1  man-day  per  acre 
per  year.      Cordwood  products   accounted  for  the   largest  portion   (57  per- 
cent),  while   sawtimber  production  required   38  percent   of  the  total  labor 
time   shown  in  table  h. 

In  keeping  with  earlier  findings,    the  hourly  returns   for  sawtimber, 
both  gross   and  net,   were  better  than  those  for  other  products.      Compara- 
tive figures   are   shown   in  table   5- 


40 

30 

k 

5:  20 

10 
0 

SAWTIMBER 

1953 

15 

Q 

^o 

ct 

kj 

^   10 
«0 

-J 
-J 
Qi 

5 
0 

CORDWOOD 

1    r  r:  r  M  n 

|2.'5 

1—     l_    <^     l_    1  M     L^ 

STUMPAGE  VALUE 

'46-53 

<>.  ^  >»-. 

1050 

ADDITIONAL  VALUE 

AT    ROADSIDE 

Hb-^r 

1 

mimm 

ADDITIONAL  VALUE  WHEN 
DELIVERED  TO   MARKET 

|i040 

IQ^^ 

12.25 

■>-^  ■«—r 

*>t  •^     *fr  -7 

485 

12.30 

**o-oj 

'46-47 

'4.10 

11.55 

2.65 

7.15 

6.65 

14.95 

6.45 

12.30 

8.05 

I.IO 

1.25 

.90 

Figure  h, — Prices   received  for  the  farm  woodland  products   at  different   stages  of  con- 
version.     Stumpage  returns  per  M  b.f.   have  nearly  doubled  during  the  past  8  years. 
Part  of  the   increase   is   due  to   improved  appraisal  of  actual  tree  values  and  part  to 
inflation.     Most  of  the   increase   in  pulpwood  stumpage   is  due  to  the   improved  market 
for  hardwood  cordwood  as  pulp.      In  19^6,   fuelwood  was  the  only  outlet. 
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Table  U.--Tlme  spent  in  timber  harvesting 
(in  man-hours  per  acre  per  year) 


Area 


Sawtifflber 


Cordwood 


Other 
produc 


Li/ 


All 


Woodland  1 

1.59 

h.91 

~ 

6.56 

Woodland  2 

3.13 

5.76 

1.11 

10.00 

Woodland  3 

1.83 

2.40 

.01 

k.2k 

Woodland  4 

2.07 

1.62 

.Ik 

3.83 

Average 

2.13 

3.23 

.26 

5.62 

1/     other  includes  tanbark  on  Woodland  2,  and  posts  on 
Woodlands  3  and  k. 


Table  5. --Gross  and  net  returns— 


(in  dollars  per  hour  of  labor) 


Area 


Sawtlmber 


Cordwood 


Other 
produc 


^  2/ 


All 


Woodland 

1 

Gross 

l.J+1 

1.10 

-- 

1.17 

Wet 

1.16 

.98 

— 

1.02 

Woodland 

2 

Gross 

1.27 

.89 

.89 

1.01 

Net 

1.02 

.77 

.77 

.85 

Woodland 

3 

Gross 

1.30 

.89 

2.00 

1.07 

Net 

1.05 

.77 

1.88 

.89 

Woodland 

k 

Gross 

1.30 

.93 

1.00 

1.13 

Net 

;e 

1.05 

.81 

.88 

.94 

Avera^ 

gross 

1.33 

1.10 

1.12 

1.19 

Average 

net 

1.08 

.98 

1.00 

1.02 

1/  Returns  are  based  on  roadside  values  less  stumpage, 
divided  by  the  total  hours  worked.   Net  returns  were  computed  by 
deducting  equipment  operation  and  depreciation  costs  of  12  cents 
and  25  cents  per  hour  for  pulpwood  and  sawtimber,  respectively, 
from  gross  hourly  returns. 

2/  Other  includes  tanbark  on  Woodland  2,  and  posts  on 

Woodlands  3  and  h. 
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HOW  THE  MARKET  DOLLAR  WAS  DIVIDED,    1946-1953 

Note  the  added  income  the  farmer  receives  when  he  cuts,    logs,    and 
hauls  his  own  timber.     It's  the  gross  difference  between 
23  cents  and  a  dollar 


,  nQq'"9  ^^  <^ento 


Figure  5. --The  market  dollar  is  the  value  of  the  crop  delivered  to  pulpmill,  railroad, 
sawmill,  or  other  processing  plant;  in  the  case  of  fence  posts  or  fuelwood,  delivery 
is  to  the  consumer.  Returns  from  individual  products  can  be  computed  from  table  3' 
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]  Summary 

r  This  report  based  on  o  years  of  cutting  shows  that  a  farmer  can 

[  profitably  operate  "wild"  woodlands  typical  of  the  Southern  Appalachians, 

1      meanwhile  building  up  the  quality  and/or  volume  of  his  stand.   If  his  tim- 
l  ber  is  of  average  size  and  stocking,  he  should  be  able  to  obtain  a  return 

»      in  excess  of  $3,00  per  acre  per  year  from  the  sale  of  stumpage  alone. 
I      However,  if  he  is  one  of  those  many  farmers  who  can  do  the  woods  work,  he 
j      should  be  able  to  increase  his  stumpage  income  to  about  $10.00  per  acre 
I      per  year.  Furthermore,  if  he  has  a  truck  and  can  haul  to  market,  he  can 
I      Increase  his  return  another  50  percent,  to  approxim.ately  $15.00  per  acre 
per  year.   This  means  that  he  sells  his  labor  as  he  does  in  marketing 
wheat  or  tobacco.  Net  labor  returns  for  the  harvesting  operation  averaged 
about  $1,00  per  hour  for  the  8-year  period. 

Woodland  owners  can  obtain  much  help  by  reading  and  applying  the 
Information  given  in  Farmers'  Bulletin  No.  1989^  entitled  "Managing  the 
Small  Forest."   On-the-ground  advice  and  assistance  in  the  operation  of 
farm  woodlands  is  available  in  most  areas  from  local  farm  foresters  or 
from  state  extension  foresters  through  county  agents. 
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SOIL  SAMPLING  FOR  PORE  SPACE  AND  PERCOLATION 
Field  and  Laboratory  Procedures 

Marvin  D.  Hoover,  Louis  J.  Metz,  and  David  F.  Olson,  Jr. 
Piedmont  Research  Center,  Union,  S.  C. 


Evaluation  of  the  physical  properties  of  soil  as  found  in  place  has 
become  increasingly  important  to  an  understanding  of  watershed  characteris- 
tics and  suitability  of  sites  for  tree  growth.   In  studies  concerned  with 
the  properties  of  Piedmont  soil  conditions,  the  Piedmont  Research  Center 
has  for  several  years  been  collecting  soil  cores  to  measure  pore  space  and 
percolation  rates.   This  report  summarizes  the  methods  and  describes  the 
equipment  which  has  been  developed. 


FIELD  METHODS 

Two  methods  of  obtaining  undisturbed-^  soil  cores  for  the  study  of 
the  properties  of  natural  field  soils  have  been  used  at  the  Piedmont  Re- 
search Center.   In  one  method  an  enlarged  version  of  a  sampler  designed  by 
J.  F.  Lutz  (_3)  is  used.   This  method  will  be  referred  to  as  the  pit  method, 
as  samples  are  collected  by  digging  a  pit.   The  second  method,  which  will  be 
referred  to  as  the  machine  method,  uses  the  Utah  Soil  Sampling  Machine  (l) 
and  no  pit  is  needed  for  sample  collection. 

Satisfactory  samples  cannot  be  easily  collected  from  extremely  rocky 
soils  or  where  there  are  numerous  large  roots.   The  pit  method  is  usually 
easier  to  use  than  the  machine  where  there  are  many  large  rocks  in  the  sur- 
face layers,  because  it  gives  an  opportunity  to  select  portions  of  the  pit 
face  where  rocks  are  least  abundant.   The  machine  method  is  best  where  large 
roots  are  present.  Although  the  portion  of  the  core  collected  with  the 
machine  will  be  unsatisfactory  where  a  root  is  cut,  it  is  easy  to  move  over 
and  take  another  sample.   Only  rarely  will  roots  be  struck  at  the  same  depth 
and  thus  from  several  cores  a  sufficient  number  of  samples  can  be  obtained 
to  represent  all  soil  depths  to  be  studied. 

In  choosing  the  time  to  sample,  soil  moisture  is  the  important  con- 
sideration.  The  right  time  to  get  good  samples  is  when  the  soil  is  at  field 
capacity  or  slightly  below.  At  this  moisture  content,  structural  cracks  and 


1/  Undisturbed  is  used  advisedly  and  what  is  actually  meant  is  soil 
samples  taken  with  little  disturbance  to  natural  structure. 


cleavages  are  almost  closed  and  there  is  sufficient  moisture  present  to  lubri- 
cate the  sample,  so  that  it  enters  the  collecting  device  with  minimum  distur- 
bance.  When  the  soil  is  above  field  capacity,  it  may  have  a  tendency  to  flow 
and  is  compacted  by  the  sampling.   A  soil  too  dry  does  not  hold  together  and 
is  difficult  to  sample.   Pit  digging  is  also  a  formidable  job  in  dry  soil. 

It  is  believed  that  bulk  density  determinations  should  be  made  when 
the  soil  is  near  field  capacity.  At  this  time,  cracks  and  cleavage  planes 
are  closed.  When  the  soil'dries,  it  shrinks  and  cracks  open.  While  the  den- 
sity of  an  aggregate  may  increase  £s  it  dries,  that  of  a  soil  horizon  remains 
the  same  because  of  the  increase  in  the  volume  of  large  voids.  None  of  the 
methods  of  collecting  soil  allows  representative  sampling  of  the  large  open- 
ings, and  at  low  moisture  content  bulk  density  values  are  obtained  which  do 
not  truly  represent  the  soil  horizon.   Samples  for  bulk  density  determination 
taken  near  field  capacity  need  not  be  corrected  for  moisture  content  and  give 
the  best  measure  of  total  soil  pore  space. 

Another  reason  for  sampling  when  moisture  content  is  near  field  capa- 
city is  that  percolation  rates  and  pore  space  measurements  are  to  be  run  on 
the  samples  when  they  are  saturated.   Samples  taken  when  field  moisture  is 
low  require  a  long  soaking  period  to  saturate  and  may  swell  excessively.   It 
is  best  to  take  samples  when  they  are  naturally  expanded  by  wetting  in  the 
field. 

In  some  soils  and  some  situations  it  may  be  practical  to  wet  soils 
artificially  to  the  proper  moisture  content.   In  Piedmont  soils  with  heavy 
sub-soil  horizons,  this  cannot  be  easily  done.  However,  some  success  has 
been  attained  by  digging  holes  with  a  post-hole  auger  to  depths  of  3  feet  or 
so  and  keeping  these  holes  flooded  with  water  for  a  few  days.  Artificial 
wetting  is  generally  feasible  only  when  a  few  localities  are  to  be  sampled; 
as  a  rule  it  is  not  practical.  The  most  satisfactory  time  for  soil  sampling 
in  the  Piedmont  is  during  late  winter  and  early  spring,  when  the  soil  is  natu- 
rally wet  to  field  capacity. 

Pit  Sampling 

The  procedure  for  pit  sampling  is  essentially  the  same  whatever  de- 
vice is  used  to  collect  the  soil  seunples  themselves.  First,  the  soil  pit 
must  be  dug.   Samples  should  be  collected  the  same  day  the  pit  is  dug,  before 
the  exposed  soil  face  dries  or  the  pit  becomes  filled  with  rain  water.  For 
sampling  depths  of  3  feet  or  more,  the  pit  should  be  at  least  5  feet  long  or 
it  will  not  be  possible  to  throw  out  the  dirt.  A  3-foot  width  of  face  is 
the  practical  minimum  for  satisfactory  sampling.   The  tools  ordinarily  re- 
quired to  dig  the  pit  are  a  mattock,  long-handled  round-point  shovel,  and  a 
spade.  To  aid  in  backfilling  the  pit  and  to  keep  the  site  free  of  loose 
scattered  soil  after  sampling  is  completed,  it  is  helpful  to  place  excavated 
soil  on  a  canvas  tarpaulin. 

The  sampler  used  at  the  Piedmont  Research  Center  is  shown  in  figures 
1  and  2.  This  sampler  holds  a  copper  cylinder  in  which  the  soil  is  collected. 
It  is  driven  by  impact  using  the  12  to  l6  pound  hammer  illustrated  in  the 
figures.  Because  the  hammer  is  mounted  on  a  rod  which  slides  inside  the  sam- 
pler handle,  the  sampler  can  be  driven  with  a  minimum  of  wobble.  Generally, 
when  sampling  heavy  soils  one  man  guides  the  sampler  while  another  man  uses 


the  hammer.      A  heavy  hammer  avoids   some  of  the   Jarring  and  breakdown  of 
structure   caused  by  many  blows   from  a  lightweight  hammer. 

The  copper  cylinders  in  which  soil  is  contained  are  cut  from  3-inch 
copper  pipe.  The  inside  diameter  is  7.6O  cm.  and  the  cylinders  are  cut  to 
be  5.51  cm.  long  to  hold  25O  ml.  Cylinders  are  fitted  with  lids  made  from 
sheet  copper.  The  top  lid  and  cylinder  are  numbered  and  stay  together 
throughout  the  field  and  laboratory  procedure.  Lower  lids  are  interchange- 
able and  used  only  until  the  sample  begins  laboratory  processing.  A  small 
hole  is  drilled  into  the  top  lid  to  prevent  air  trapping  during  saturation 
and  to  allow  entry  of  air  when  the   sample   is   on  the  tension  table. 

The   copper   cylinder   is   slipped   into   the   seunpler  after  removing  the 
sampler  cutting  head,   which   is  held  only  by  a  loose   friction  fit.      The   cut- 
ting head   is   not   tempered  or   specially  hardened  and   is   easily  kept   in  shape 
with  a  carborundum  stone   and  file.      The  most   satisfactory  cutting   surface 
is   square  edged  and  about   1/32   inch  wide.      A  knife-like  cutting  edge  does 
not   cut  roots   as  well  and  is  quickly  damaged  by  rock. 


Figure   1. --Equipment   used  for  collecting  core  samples   in  a  pit.      In  the  upper   left  hand 
corner   is   the  empty  copper  cylinder  with  two   lids.      Next   to   it   is   a  cylinder  ready  for 
saturation,    inverted  to  show  the   cheesecloth  on  the  bottom.      In  the  middle   is   the  soil 
sampler  with  copper  cylinder  and  cutting  head.      At  the  bottom  is   the  driving  hammer. ^ 
The   long   end  of  the  hammer   is    inserted   in   the  hollow  handle   of  the   sampler  to   drive    it 
in  the   soil. 
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SAMPLER 


Hard  steel  sleeve 
welded  lo  tube  - 


I    ID   steel 
tube 


HAMMER 


3    ID  Copper  lube- 
Woll  o.oa" 


^/4"CR  S. 


Figure  2. — Specifications  for  soil  sampler. 
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The  sampler  is  placed  on  a  level  surface  and  driven  vertically  into 
the  soil.   Figures  3  aJ^d  ^4-  show  the  method  of  stepping  down  the  pit  face  to 
obtain  samples  at  various  depths.   A  mark  on  the  outside  of  the  sampler  and 
observation  holes  in  the  top  of  the  sampler  are  used  to  gage  the  depth  to 
drive  the  sampler.   There  is  an  extra  clearance  of  l/h   inch  above  the  top  of 
the  copper  cylinder  so  that  the  sampler  can  be  driven  deeply  enough  to  in- 
sure filling  the  cylinder  without  compressing  the  soil  sample.   The  sampler 
is  removed  by  digging  it  out  or  more  usually  by  moving  the  handle  a  few 
inches  to  break  the  sampler  loose  from  the  soil  and  then  merely  pulling  it 
out. 

The  cutting  head  and  the  copper  cylinder  are  both  filled  with  soil. 
They  are  removed  from  the  sampler  by  pushing  a  rod  down  through  the  handle. 
The  top  surface  of  the  sample  is  then  trimmed  level  with  the  cylinder  and 
the  top  lid  put  on.   A  hack  saw  blade  with  the  set  ground  off  is  ordinarily 
used  for  cutting  away  the  soil  and  is  held  at  an  angle  to  prevent  slicking 
the  surface  (fig.  5)«   Small  scissors  are  convenient  for  cutting  roots. 


End  and  side  face  of  original  pit 

New  end  and  side  face  exposed  as  samples  are  collected 


Ground  surface 

Plane /\   Horizontal  face  on  which  2-4  inch  samples  have  been  collected 
Plane  6   Horizontal  face  on  which  4-6  inch  samples  have  been  collected 
C     Location  of  samples  to  be  collected  for  6-8  inch  depth 
Figure  3. — Diagram  showing  how  pit  face  is  sampled. 
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Figure  4. --Collecting  soil  samples  near  the  surface.  Man  on  left  is  steadying  sampler 
and  keeping  it  perpendicular  while  other  man  drives  sampler  into  the  ground  with  the 
driving  hammer. 
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Figure  5. — Pit  sampling  in  a  broomsedge  field.   Man  on  left  is  cleaning  out  end  of  pit  to 
proper  depth  for  next  sampling  points.   Other  man  is  trimming  sample  which  has  just  been 
collected.   Long  narrow  box  is  useful  for  carrying  equipment  to  the  field. 

The  cylinder,  with  cutting  head  held  "by  the  included  soil,  is  then 
turned  over  and  the  cutting  head  removed  by  holding  down  on  the  soil  with 
hoth  thumbs  and  pulling  up  the  cutting  head  with  the  fingers.  Excess  soil 
is  then  cut  away  and  the  bottom  lid  put  on. 

Figures  6  and  7  show  the  field  record  sheet  and  the  information 
collected  at  and  in  the  vicinity  of  the  pit. 

Ordinarily  for  an  individual  pit  5  to  10  samples  are  collected  from 
the  0  to  2-inch  depth  and  2  to  ^  samples  at  each  of  the  layers  sampled  be- 
low the  surface.   The  depth  of  sampling  and  soil  horizons  sampled  depend, 
of  course,  upon  the  purpose  of  the  study.   Samples  taken  in  successive  2- 
inch  layers  provide  the  most  information  and  should  be  taken  when  beginning 
work  in  a  locality.   Information  thus  collected  will  furnish  a  basis  for 
future  less  intensive  sampling. 

Samples  are  placed  in  a  box  mounted  on  a  backpack  board  to  be  re- 
turned to  the  laboratory.  Rags  are  used  to  wedge  the  samples  in  the  box 
and  prevent  jarring  and  loss  of  lids. 


Sampling  with  the  Utah  Soil  Sampling  Machine' 


2/ 


This  soil  sampling  machine  is  essentially  a  hollow  auger.  A  soil 
core  is  collected  inside  of  a  split  brass  tube  which  is  restrained  from  ro- 
tation and  settles  down  around  the  core  as  dirt  is  removed  from  around  it  by 
a  cutting  head.  Details  of  this  machine  are  described  elsewhere  (l). 


2/  The  Utah  Soil  Sampling  Machine  is  made  and  sold  by  the  Utah 
Scientific  Foundation,  Utah  State  Agricultural  College,  Logan,  Utah. 
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FIELD  RECORD  OF  SOIL  PROFILE 


Party    L,.cJ  Z*'/.    ~   U .  f.  O- 
Date       Ja/i.  7,     If  S3 
Profile  No.  33 


Sample 
No. 

Depth 
Sampled 

Notes 

Profile  Description 

77 

0'^ 

Loamy  s^nd.  l/er>f   ^yaM 

0 

A  row  n J    /OYK        7/^, 

yery  c£>/np<x.cf. 

6 

.  o 

o 

— © 

o 

df 

^-c 

^Ja^rU^  <^£.^U^^,^-^.^i^J^^<^ 

U^l^^^.   //YH  Va.  C<ry*iU^ 

12 

o 

9 

3ji, 

ZZ'f 

8~/0 

C£<^.  '}/«yU  .^.r^  a^u^ue^. 

O 

%^g.<.A<tX-^u*«i,  s-YH  ^/s-. 

18 



0a2 

24 



30 



36 



33 



/76 

-f-L-^d 

f?<.^cUj.  jSY/^    '^/i. 

- 

V^r^f  fou^h   H-  co/npuot 

Mi^ch    miCA    present. 



Figure  6. --Field  record  of  soil  profile. 
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Soil  Relations  Form  1.01  (b)  ( 19^*9) 


Profile  No. 
Date 


Location 

Topography 

Slope  Percent                                             Slope  Direction 

Forest  type.  Land  Use,  and  Condition 

History  of  Area 

Vegetation 

Trees  on  l/lO  acre  plot 

Minor  Vegetation  -  mllacre 

D.B.H. 

Species 

Species 

Density 

Sample  Trees 

Soil  Series  and  Type 

Species 

D.B.H. 

Height 

Age 

Crown 
Class 

Radial  Growth 

Erosion  Class 

5  Yr. 

10  Yr. 

Litter  Depth 

F  -  Layer 

Humus  Type 

1 

-  --'I 

Soil  biota 

Notes 

Figure  7. --Field  record  of  vegetation  and  other  plot  data.   This  is  reverse  side 

of  form  shown  in  figure  6. 


The  machine  in  use  at  Union  takes  a  core  3 •75  inches  in  diameter  in 
lengths  up  to  6  feet.   It  is  trailer  mounted  with  its  own  power  unit.   A 
l/4-ton  jeep  is  ordinarily  used  to  pull  the  trailer.   Figure  8  shows  machine 
in  position  in  the  field. 

The  most  important  advantage  of  the  machine  is  that  it  collects  an 
extremely  good  sample.   It  also  saves  time  and  labor  so  that  a  much  greater 
number  of  samples  can  be  collected  when  moisture  conditions  are  favorable. 
The  major  disadvantages  are  high  initial  cost  and  the  difficulty  of  getting 
the  sampler  to  steep  wooded  locations.   If  a  large  sampling  program  is  under- 
taken, the  cost  of  the  machine  is  soon  offset  by  the  saving  in  labor.   It  is 
possible  to  move  the  machine  into  situations  too  rough  for  a  jeep  because 
when  the  sampling  tube  is  raised  into  working  position  the  trailer  is  bal- 
anced and  can  be  moved  by  two  men.   We  have  used  a  block  and  tackle  to  move 
it  up  steep  slopes. 

A  soil  core  is  cut  to  the  desired  depth  and  pulled  from  the  ground. 
One  half  of  the  split  brass  tube  is  removed.   The  core  is  cut  into  4-inch 
sections  and  the  sections  then  coated  with  melted  paraffin  to  preserve  them 
for  laboratory  determinations.   The  paraffin  is  melted  on  a  gasoline  camp 
stove  and  the  sections  are  coated  by  placing  them  in  a  wire  basket  which  is 
briefly  dipped  into  the  paraffin.  A  paper  tag  is  placed  in  the  soft  paraffin 
at  the  top  of  the  sample  at  this  time  to  identify  the  sample  and  to  indicate 
the  upper  surface.  When  the  wax  has  hardened,  the  sample  is  dipped  again. 
Samples  are  transported  to  the  laboratory  in  cardboard  cartons  containing 
excelsior  for  padding. 


Figure  8. — The  Utah  soil  sampler  is  position  ready  to  dig  a  core.   The  sampler  can  remain 
attached  to  the  jeep,  shown  on  the  left,  during  the  drilling. 
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LABORATORY  METHODS 

The  general  laboratory  procedure  and  methods  are  essentially  similar 
regardless  of  which  method  is  used  to  collect  the  sample.   The  procedure  for 
samples  collected  from  pits  will  be  described  in  detail  and  necessary  modi- 
fications for  the  machine  samples  discussed. 

Saimple  Preparation 

In  the  laboratory,  the  bottom  lid  is  removed  and  replaced  by  a  single 
thickness  of  cheesecloth.   The  cloth  is  first  cut  into  5  inch  squares,  then 
stretched  over  the  cylinders,  and  held  in  place  with  a  rubber  band.   Scissors 
are  used  to  trim  away  the  excess  cheesecloth.   At  least  one-quarter  inch  of 
cloth  should  be  left  above  the  rubber  band  to  prevent  slipping  of  the  cloth. 
In  handling  samples,  the  fingers  should  grasp  this  cloth  to  prevent  loss  of 
the  sample. 

Fresh  Weight 

Samples  are  weighed  to  obtain  fresh  weight  immediately  after  being 
fitted  with  cheesecloth.  Fresh  weight  is  recorded  on  the  work  sheet  (fig.  9) 
and  includes  the  weight  of  the  copper  cylinder,  top  lid,  cheesecloth,  and 
rubber  band.   A  direct  reading  scale,  such  as  the  Toledo  4030Y,  weighing  to 
the  nearest  gram,  speeds  up  the  weighing  job. 

Saturation 

Samples  are  saturated  by  placing  them  in  water  for  15  hours.   They 
are  set  in  l/2  inch  of  water  for  1  hour  and  then  the  water  level  is  gradually 
raised  to  the  top  of  the  cylinder.   To  prevent  air  trapping,  it  is  important 
that  the  water  be  kept  from  flooding  over  the  top  of  the  samples.   Samples 
are  saturated  under  atmospheric  rather  than  reduced  pressure  because  we  feel 
this  more  nearly  duplicates  field  conditions.   The  water  used  for  saturation 
should  be  slightly  warmer  than  the  samples.   Cooling  during  the  saturation 
period  prevents  the  formation  of  air  bubbles  within  the  soil  core.   Ordina- 
rily, cores  are  saturated  in  the  permeameter  cup  to  be  described  later,  but 
when  large  numbers  of  samples  are  run  they  are  saturated  in  a  shallow  tank. 

Percolation  Determination 

The  apparatus  for  measuring  percolation  on  the  saturated  soil  cores 
is  illustrated  in  figures  10,  11,  12,  13,  1^,  and  15 .   Top  lids  are  removed 
and  a  head  ring  is  fastened  to  the  top  of  the  cylinder  with  1-inch-wide  mask- 
ing tape  which  is  pressure-sensitive  and  waterproof.   This  tape  forms  a  water- 
tight seal  and  is  convenient  to  use.   The  head  rings  were  cut  from  the  same 
copper  pipe  used  to  make  the  sampling  cylinders.   Copper  tubing,  l/k   inch  in 
diameter  and  l-l/4  inches  long  is  soldered  to  an  opening  on  the  side  of  the 
head  ring  for  the  entrance  of  water.   The  sample  with  head  ring  attached  is 
placed  in  the  permeameter  cup.   The  hose  at  the  bottom  of  the  cup  is  closed 
with  a  pinch  clamp  and  the  sample  saturated  by  adding  water  to  the  cup. 
When  saturation  is  complete,  a  rubber  tube  is  used  to  connect  the  head  ring 
to  a  constant  head  tank.   After  the  head  was  built  up  on  top  of  the  sample, 
the  lower  tube  is  opened  to  drain  off  excess  water.   This  procedure  prevents 
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SOIL  PROFILE  SAMPLING  ".'ORK  SHE^T 


Sampled  by 


I  J M -ar.o. 


Sample 
No. 

(1) 

Depth 

of 
sample 

(2) 
Inches 

Fresh 
weight 

(3) 
gms. 

Saturated 
,      weight 

(1*) 
gms. 

Weight 
after 
20  cm. 

(5) 
gms. 

Amount 
drained 
20  cm. 

(6) 
gms. 

Weight 
after 
60  era. 

(7) 
gms. 

Amount 
drained 
60  cm. 

(8) 
gms. 

Gross 

O.D. 

weight 

(9) 
gms. 

Weight 
rocks 

(10) 
gms. 

Tare 

(11) 
gms. 

77 

d-2 

C4>s:i 

7J9.Q 

i.S2.S 

37.1, 

iSC.O 

(,5.^ 

CJiJ 

3.7 

284:Z 

8f 

^-^ 

74-i.^ 

7L7Z 

749.r 

/%y 

7^L^ 

20.7 

i7L,7 

6r 

26C.Z. 

:i.ii 

3-/0 

7/S.7 

7^/.0 

7^^>4 

/S.6, 

74-3.0 

/3.0 

C44:t 

5.Z. 

Z'^I.Z 

J7C 

i-i-i-S 

lorj 

7^£.Z 

74^'^ 

/^.g' 

739.S 

E2.7 

639.0 

3.3 

Z90.7 

EXPLMATIQN  OF  COLUMNS 

1.  Number  of  copper  cylinder. 

2.  Depth  of  sample. 

3.  Weight  when  first  brought  in  from  field.   Includes 
cylinder,  soil,  one  lid,  cheesecloth,  and  rubber  band. 

4.  Weight  at  end  of  percolation  run  when  sample  is  saturated. 

5.  Weight  after  being  at  20  cm.  tension  for  2  hours. 

6.  Column  h  —  column  5» 

7.  Weight  after  equilibrium  at  60  cm.  tension. 

8.  Column  \  —  column  7^ 

9.  Weight  after  oven  drying  to  constant  weight. 

10.  Dry  weight  of  all  material  in  soil  sample  retained  on 
2  mm.  sieve. 

11.  Weight  of  copper  cylinder,  one  lid,  cheesecloth,  and 
rubber  band. 

Figure  9. — Soil  profile  sampling  work  sheet. 
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Computer 


v/.  p.  e. 


_Checked  by_ 


W^c. 


Profile  No. 


35 


Date  sampled  J " fl  ■     'j   1°^  5 


Net 

O.D. 

weight 

(12) 
gms. 

Volume 
corrected 
for  rock 

(13) 

ml. 

Volume 
weight 

Mols 

ture 

Retention 

Detention            | 

saturation 

60  cm. 

20  cm. 

(21) 
pv 

60  cm. 

(22) 
pv 

(15) 

gms. 

(16) 
pv 

(17) 

gms. 

(18) 
pv 

(19) 
gms. 

(20) 
pv 

J2  3.2 

2^i.7 

/.J/ 

29.0 

1 L8 

J  03.7 

^2.0 

3  9.9 

/6.d 

/S.I 

2S.9 

363.7 

Z47,5 

I.SJ 

LS-.I 

Zb.5 

fO.S 

36.6 

^9-3 

28.2 

7.0 

8.^ 

3^9.7 

24-8.7 

1.41 

7^.i 

30.O 

J/6.9 

^7.0 

93.9 

3  9.f 

6.3 

7.a 

3^S.O 

^4a.^ 

1.3  9 

i,9.l 

Z7.8 

123.2. 

49.6 

/oo.s 

^O.S 

6.8 

<9.l 

EXPLMATION  OF  COLUMNS 

12.  Column  9  —  (column  10  +  column  ll). 

13.  Taken  from  table  2. 

14.  Column  12  -f-  column  I3. 

15.  Column  3  ~  column  9» 

16.  (Column  15  -f.  column  I3)  x  100,  or  col\imn  I5  x  value  in 
table  3  found  under  rock  weight  of  8,6  grams. 

17.  Column  h  —  column  9. 

18.  (Column  17  -f  column  I3)  x  100,  or  column  I5  x  value  used 
to  compute  column  16, 

19.  Column  7  ~  column  9. 

20.  (Column  I9  ~  column  I3)  x  100,  or  column  19  x  value  used 
to  compute  column  16. 

21.  (Column  6  -f  column  I3)  x  100,  or  column  6  x  value  used 
to  compute  column  16. 

22.  (Column  8  -^  column  I3)  x  100,  or  column  8  x  value  used 
to  compute  column  16. 

Figure  9  (Continued). 
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FiKure  10. --View  of  one  side  of  constant  head  permeameter  apparatus.  Tank  at  top  in  rear 
supplies  water  to  the  constant  head  tank.  Thermometer  at  right  end  of  constant  head  tank 
measures  temperature  of  water  during  runs. 


-  11^  - 


'"^^^Zhx^' 


Figure  11. --Equipment  used  to  hold  sample  during  percolation  runs.   The  head  ring  on  the 
left  is  attached  with  masking  tape  to  the  soil  cylinder  after  its  top  lid  has  been  removed. 
Cylinder  with  attached  head  ring  is  then  placed  in  the  permeameter  shown  at  right. 

air  from  entering  the  sample.   As  can  be  seen  from  figure  15,  the  lower  end 
of  the  sample  is  covered  by  water  when  the  excess  water  has  drained  away 
and  there  is  no  air  interface  at  either  end  of  the  sample. 

Water  is  allowed  to  percolate  through  the  sample  for  a  period  of  5 
to  10  minutes  before  the  timed  percolation  rate  begins.   This  allows  the 
rate  to  stabilize  and  also  permits  the  operator  to  form  an  estimate  of  the 
percolation  rate  to  determine  whether  the  percolate  can  be  held  in  the  50  ml. 
burette  or  whether  a  graduate  with  larger  capacity  should  be  used. 

Five  samples  can  be  handled  at  a  time  by  one  man  by  beginning  timed 
runs  1  minute  apart.   The  volume  of  percolate  is  measured  at  intervals  of  5, 
10,  and  20  minutes.   The  average  for  the  20-minute  run  is  ordinarily  used 
for  calculation.  Measurements  for  other  periods  serve  as  a  check  on  the 
performance  of  the  sample  and  if  excessive  deviations  occur  between  time 
periods,  leakage  or  breakdown  of  soil  structure  are  indicated.  When  flow 
through  the  sample  is  rapid — more  than  100  ml.  per  minute--percolation  is 
allowed  to  continue  only  5  "to  10  minutes  to  minimize  disturbance  to  the 
sample.   For  surface  samples  from  hardwood  forest,  or  in  other  situations 
where  rapid  percolation  is  expected,  head  on  the  sample  is  reduced  by  fitting 
an  extension  to  the  outflow  tube  of  the  permeameter. 

All  results  are  converted  to  inches  per  hour  at  unit  head  and  corrected 
to  a  water  temperature  of  60°  so  that  all  determinations  are  comparable.  Unit 
head  is  defined  as  the  head  equal  to  the  length  of  the  soil  core  itself. 

Rate  at  unit  head  =  ,  ,^-,  ■ *- :; —  x  measured  rate. 

total  head  on  sample 

The  total  head  on  the  sample  is  the  difference  in  elevation  between 
the  water  in  the  head  ring  and  that  ir.  the  permeameter  cup  outside  the  sample. 
The  routine  head  used  is  6.5  cm.  or  1  cm.  more  than  the  length  of  the  s^ple. 
The  correction  to  unit  head  is  then  5.5  t  6.5  or  .Qk-6,   which  is  the  factor  by 
which  measured  flow  is  multiplied  to  obtain  flow  at  unit  head. 
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The  conversion  to  inches  per  hour  is  made  by  determining  the  volume 
in  ml.  of  a  depth  of  1  inch  on  the  soil  core.   Samples  from  the  hand  sampler 
have  an  end  area  of  ^5.36  sq.  cm.,  which  when  multiplied  by  2,'^k,    the  number 
of  centimeters  in  1  inch,  gives  a  product  of  115.21  ml.   Dividing  the  volume 
of  115.21  ml.  by  60  minutes  gives  a  flow  of  1.920  ml.  per  minute  equal  to  a 
1  inch  per  hour  percolation  rate.  The  average  flow  per  minute  in  ml.  divided 
by  1.920  gives  the  average  percolation  rate  in  inches  per  hour.   In  practice, 
it  is  more  convenient  to  multiply  by  the  reciprocal  of  1.920,  which  is  O.52O, 
than  to  perform  the  division. 

The  correction  for  the  effect  of  temperature  upon  viscosity  of  the 
water  is: 

viscosity  of  water  at  test  water  temperature 

Viscosity  factor  = ■ — : rr — ' — 7; 7 .    ^nn-f; — 

'^  viscosity  of  water  at  dO"F. 

Measured  flow  is  multiplied  by  this  factor  to  correct  it  to  the  flow  which 
would  occur  at  60°F.   This  correction  is  important  in  field  laboratories, 
where  the  temperature  of  the  water  may  vary  greatly  at  different  seasons  of 
the  year.  The  temperature  of  60°?.  is  the  standard  used  by  the  Geological 
Survey  in  their  permeability  investigations. 
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Figure  12. --Cross  section  of  head  ring  and  sampling  cylinder  shown  in  figure  11. 
outlet  tube  and  copper  screen  are  soldered  to  the  head  ring. 
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Figure  I3. --Diagramatic  views  of  permeameter  shown  in  figure  11. 
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A  CONSTANT  LEVEL  TANK    5"  DEEP,   5"  WIDE 

B  PERMEAMETER    WITH  HEAD  RING   ATTACHED 

C  OUTFLOW    TUBE 

0  BURETTE    OR   GRADUATE 

Figure  ik. — Permeability  apparatus,  side  view. 
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The  form  used  to  record  percolation  measurements  is  shown  in  figure 
16.   The  conversion  of  flow  rates  to  inches  per  hour,  and  corrections  for 
head  and  viscosity  can  be  readily  made  by  means  of  tables  such  as  table  1, 
which  greatly  simplify  the  calculations. 

Pore  Space  Determination 

When  the  percolation  measurement  is  completed,  the  connection  from 
the  constant  head  tank  and  the  outflow  tube  are  closed  by  tubing  clamps. 
The  head  ring  and  masking  tape  are  removed  and  the  top  lid  is  replaced  on 
the  cylinder.   The  permeameter  cup  is  filled  with  water  to  the  full  height 
of  the  sample  to  saturate  the  sample.   The  saturated  weight  of  the  sample 
is  obtained  by  quickly  lifting  the  sample  from  the  permeameter  cup  and 
placing  it  on  a  weighing  pan.   The  sample  and  the  water  draining  from  its 
large  voids  onto  the  weighing  pan  are  weighed,  and  the  weight  is  recorded 
on  the  work  sheet,  figure  9-   Samples  are  then  placed  in  an  open  tank  with 
one-half  inch  of  water  in  it  to  keep  them  moist  and  to  hold  them  so  that 
they  can  be  set  upon  the  blotter-tension  table  at  about  the  same  time. 

The  blotter-tension  tables  are  similar  to  that  described  by  Learner 
and  Shaw  (2).   However,  the  base  of  the  table  is  glass  instead  of  sheet 
metal  so  that  it  is  possible  to  inspect  from  below  to  see  whether  air  bub- 
bles are  present  under  the  blotter.   The  glass  outlet  tube  is  sealed  to  a 
hole  in  the  center  of  the  glass  with  ordinary  red  sealing  wax.   Figures  17 
and  18  show  the  tension  tables. 

The  plate  glass  is  23  inches  by  29  inches  and  is  fitted  inside  a 
wooden  frame  so  that  water  can  be  ponded  upon  the  glass.   Photographic 
lintless  blotters  20  by  2k   inches  have  been  found  most  convenient  to  use. 
The  screen  beneath  the  blotter  is  15  by  19  inches,  which  allows  a  blotter 
overlap  of  2-l/2  inches  all  around  for  adhesion  to  the  glass.   Plastic 
window  screen  is  the  best  because  it  does  not  oxidize  and  is  extremely 
flexible. 

A  filter  flask  is  used  for  the  leveling  bottle  and  the  difference 
in  level  between  the  outflow  tube  of  the  filter  flask  and  the  top  of  the 
blotter  is  the  measure  of  the  tension  at  which  the  sample  is  drained.   The 
filter  flask  is  fitted  with  a  3  hole  rubber  stopper  to  hold  3  glass  tubes. 
Two  tubes  end  above  the  outflow  level  of  the  flask.   One  of  these  is  an 
air  vent.   The  other  is  connected  to  a  water  reservoir  by  a  rubber  tube. 
A  clamp  adjusts  the  flow  from  the  water  reservoir  to  a  slow  drip,  to  keep 
water  level  constant  in  the  leveling  bottle  and  to  replace  evaporation 
losses  from  the  blotter.   The  third  glass  tube  extends  to  the  bottom  of 
the  flask  and  is  connected  to  the  outlet  from  the  tension  table. 

To  set  up  the  table,  the  glass  is  first  thoroughly  cleaned  to  in- 
sure good  adhesion  of  the  blotter  beyond  the  margin  of  the  screen.   The 
air  vent  and  outflow  of  the  level  bottle  are  then  closed  and  the  supply 
line  from  the  -water  reservoir  opened.   This  forces  water  to  the  top  of  the 
glass  and  removes  air  bubbles  from  the  system.  Water  is  allowed  to  flow 
until  it  reaches  a  depth  of  about  l/h   inch  on  the  glass.   The  screen  is 
then  set  in  place  and  air  bubbles  removed  by  rubbing  with  the  fingers.   The 
blotter  is  set  down  first  at  one  edge,  and  as  it  wets  it  becomes  flexible 
and  is  allowed  to  settle  in  place.  When  the  blotter  is  down,  a  roller  is 
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A  Constant    head    tank 

B  Head    ring    held   to   sampling   cylinder   by  masking   tape 

C  Soil   sample    and    sampling    cylinder    resting  on   screen 

D  Outflow  tube   for   permeometer 
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t)  Total  head  of  water  on    sample 

Figure  15. — Permeability  apparatus,  end  view. 
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RI-SE 

Soil  Relations 

Form  1.03(1949) 


PERCOLATION  MEASURIMENT 


Profile   No. 


33 


Date    sampled    tJ^ft.   'j  1 1S3 


Sample 
No. 

(1) 

Depth 

(2) 
Inches 

Head 

(3) 
cm. 

Water 
temp. 

°F. 

Measured  flow   at   time 

Average 

measured 

C9) 

ml. /min. 

Rate   at 
unit  head 

(10) 
l.p.h. 

Start 

(5) 

ml. 

5  min. 

(6) 
ml. 

10  min. 

(7) 
ml. 

20  min. 

(8) 

ml. 

77 

0-2. 

&.S 

70 

0 

JOO 

J  93 

38.S 

n  zs 

7.31 

89 

^-6 

C.5- 

70 

50  0 

378 

Z^l 

7.5 

Z.I4 

0.82 

Zt9 

8-  JO 

(,.5 

S9 

so.o 

^f.3 

46.6 

^7.4 

OJ3 

0.06 

176 

-^(,'^6 

^.s 

sa 

so.o 

49-^ 

-4-8.  9 

48.1 

c.io 

0.05 

1. 

2. 

3. 
k, 

5. 
6. 

7. 


10. 


EXPLANATION  OF  COLUMNS 

Number  of  copper  cylinder. 

Depth  of  sample. 

Height  of  water  column  used. 

Temperature  of  water  during  run. 

Reading  on  burette  when  run  begins. 

Reading  on  burette  at  end  of  5  minutes. 

Reading  on  burette  at  end  of  10  minutes. 

Reading  on  burette  at  end  of  20  minutes. 

(Column  5  —  column  8)  -^  20. 

Column  9  X  factor  in  table  1  corresponding  to  water 

temperature  during  run. 

Figure  16. — Data  sheet  for  percolation  measurement. 


run  over  it  to  force  out  any  air  bubbles.   Excess  water  is  allowed  to 
drain  out  through  the  leveling  bottle.   As  the  excess  water  drains  away, 
the  roller  is  used  to  press  the  margin  of  the  blotter  firmly  to  the  glass. 
A  check  is  made  by  looking  up  from  below,  and,  if  no  air  bubbles  are  pre- 
sent below  the  blotter  and  the  outflow  tube  from  the  table  is  filled  with 
water,  the  table  is  ready  for  use. 

When  tension  is  established,  the  soil  cores  are  placed  on  the  top 
of  the  blotter  with  sufficient  downward  pressure  to  make  a  good  contact 
between  the  sample  and  the  blotter.   The  leveling  bottle  is  then  set  to 
provide  20  cm.  of  water  tension  on  the  sample  and  after  2  hours'  drainage 
the  samples  are  weighed  and  the  weight  recorded  on  the  work  sheet.  The 
cores  are  then  replaced  on  the  blotter  and  the  leveling  bottle  is  lowered 
to  provide  60  cm.  tension.   This  tension  is  maintained  overnight,  or  for 
15  hours,  which  is  the  equilibrium  value  at  this  tension  for  most  soils. 
In  fact,  for  many  of  the  clay  subsoils  of  the  Piedmont  equilibrium  is 
reached  after  2  hours  of  the  60  cm.  tension. 
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Figure  17 . — Three  tension  tables  with  bottom  two  in  operation.  Leveling  bottle  shown 
is  for  the  middle  table.   The  reservoir  bottle  is  on  the  top  table.  Markings  to  show 
where  to  place  leveling  bottle  for  tension  desired  are  on  wooden  stick  next  to  iron 
bar  which  supports  the  bottle. 
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Rubber  tubing 
H     Leveling  bottle 

Figure  l8. --Schematic  diagram  of  tension  table. 
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When  the  60  cm.  tension  determination  is  complete,  the  samples  are 
weighed  and  then  dried  to  constant  weight  at  105°C.  With  a  forced  draft, 
oven  drying  is  completed  within  15  hours  if  the  top  lid  is  removed.   The 
oven-dry  weight  of  sample" plus  tare  is  recorded  on  the  work  sheet.   Tare 
weights  of  cylinders  and  lids  are  tabulated  to  save  repeated  weighings  but 
are  checked  at  frequent  intervals.   An  arbitrary  standard  weight  is  assigned 
to  cheesecloth  and  rubber  bands,  based  on  frequent  checks. 

Modification  of  Procedure  for  Samples  Collected  by  Machine 

At  the  laboratory,  the  wax  coated  samples  from  the  soil  sampling 
machine  are  first  trimmed  to  a  length  of  3  inches.  A  sample  is  put  into  a 
cutting  cylinder  made  from  a  galvanized  sheet  metal  strip  3  inches  wide 
(fig.  19).   Two  bolts  pass  through  ears  on  the  outside  of  the  cylinder  so 
that  it  can  be  adjusted  for  diameter.   These  bolts  are  tightened  so  that  the 
core  is  firmly  held,  and  the  sample  is  trimmed  even  with  each  end  of  the 
cylinder.   The  sample  is  then  placed  with  the  top  up  Into  another  cylinder 
of  similar  construction  but  5  inches  high.   This  cylinder  holds  the  core 
during  percolation  and  pore  space  determination.   It  is  fitted  with  a  copper 
tube  connection  to  the  constant  head  tank  of  the  percolation  apparatus.  The 
lower  end  of  the  sample  is  covered  with  cheesecloth  held  on  by  a  rubber  band, 
as  with  the  other  samples.  A  narrow  ring  of  melted  paraffin  is  applied  with 
a  brush  at  the  top  of  the  sample  to  seal  the  space  between  the  metal  container 
and  the  paraffin  coating  on  the  sides  of  the  soil  core.   Laboratory  measure- 
ments and  calculations  are  similar  to  those  described  for  other  samples. 


Figure  19 . — Preparing  core  from  sampling 
machine  for  permeability  run.   Two  empty 
permeameters  are  shown  on  the  left.   On  the 
right  is  a  sample,  in  a  sleeve  3  inches  long, 
which  is  being  trimmed  to  fit  a  permeameter. 
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EI-SE 

Soil  Relations 

Form  1.05(19^9) 


EXAMINATION  OF  SAMPLES 


Soil  Profile J  J 

Date  sampled  Jan.  7,  1  fSJ 
Sampled  by    L  J M  "  OFQ 


Examined  by    L  JAl 


Sample 
No. 
(1) 

Depth 
sampled 
(2) 

Perc. 

rate 
(3) 

Tex- 
ture 

Color 
(5) 

Notes 
(6) 

77 

o-Z 

7. 3? 

Loamn 

brown 

Jt-^^ntl  ,<t^e^yA.  .M.,.^^  ,^>uc*-u*^  ..tf-^W«^i(*1^^,Z«..../Cu^<r.ui^ 

loYH  Vj 

<5f 

4-6 

0.82. 

S.cl 

/.c/ay 

U  A' ale. 

irown 

,,J$tnrwt -a-o/r"^^      C^nxAdA     ^^^a«tn,«-4»4^  ..^vAk-c-^m'*^ 

/OYRf/^ 

22<f 

8~J0 

0.06 

c/ay 

re,d 

Ji-iTX^  x»-.«*r,A^     3^t**^ ^^'(u^'^iyt^*^-  "Tlo  yi^<rrr^. 

osrt^  % 

176 

4i-<^8 

o.os 

c/»y 

^.i}-,,i>rpl.  ^-a-a^r^/liA'.  JcrL.,^^  /oSii^  M>UucXi*/l^.  ^^^.tutitytM^^ 

SYH  Vi, 

aJlirn^  .a-<>A*^  Ao^nyU*^.   ^^-t^^^X^  ^m«:.<^K:*t><*<*^- 

EXPLANATION  OF  COLUMNS 

1.  Sajnple  number, 

2.  Sample  depth. 

3.  Percolation  rate,    from  column  11  figure   16. 
\.  Texture. 

5.  Color  of  dry  soil  from  Munsell  Book  of  Color. 

6.  Description  of  sample. 

Figure  20. --Sheet  for  recording  percolation  rate  and  observations  made  before  and  after 
oven-dry  sample  is  broken  open.  Information  in  column  6  helps  locate  samples  to  be  re- 
jected  in  computing  averages. 


Examination  of  Samples   and  Sieving  of  Rock 

After  the  oven-dry  weight  of  the   samples   is   obtained,   they  are  re- 
moved from  the   cylinders   and  carefully  examined  for   flaws  which  could  have 
affected  the  measured  percolation  rate.      Leakage  of  water  between  the   cylinder 
and  edge  of  core   is   usually  shown  by  erosion  marks   along  the  edge  of  the   core. 
Also  noted  are  the  presence  of  root  or  animal  passageways   continuous   enough 
to  affect  water  movement.      This    information  is   recorded   (fig.    20)    along  with 
oven-dry  soil  color,    texture,    and   structure,    and  is  well  worth  the   time   re- 
quired,   as   it  provides   considerable   information  for  the   investigator  and  pre- 
vents  use  of  doubtful  samples   in  obtaining  averages   for  a  profile.     Each 
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Soil  Relations 


Form  1.04(1949) 


•35 


son,  PROFILE  MEASUREMENTS 


Profile  No. 

Date  sampled   c/^/7.  ^  1 1-^  O 

Sampled  by     /.  .  tj.  ^.    -  O  F.  O 


Computation  by Vr-  I-    ti- 

Checked  by  


wc. 


Sample 
No. 

(1) 

Depth 
sampled 

(2) 
inches 

Fresh 

moisture 

content 

(3) 

pv 

Volume 
weight 

(A) 

Calc. 
porosity 

(5) 
pv 

Saturated 
pore 
space 
(6) 
pv 

Retention 

at 

60  cm. 

(7) 

pv 

Detention 

Percola- 
tion at 
unit  head 
(10) 
i.p.h. 

20  cm. 

(8) 
pv 

60  cm. 

(9) 
pv 

17 

o-z 

li.e 

1.3 1 

50.  L 

-i-y-.o 

/C.2. 

/f.l 

-iJTf 

7.3f 

8f 

^-^ 

2^.3 

/.ss 

^J.S 

j(,.(. 

X3.2 

7.0 

8.^ 

o.az 

axf 

e-io 

do.o 

/.4I 

fC.S 

i-7.0 

3  9.8 

C.3 

7.2 

0.06 

I7C 

4-L-^r 

27.^ 

/.3f 

^7.S 

^9.^ 

i-o.s 

6,8 

7,/ 

o.oS 

EXPLANATION  OF  COLUMNS 


1. 
2. 

3. 
U. 

5. 


Number  of  copper  cylinder. 
Depth  of  sample. 
Column  16  on  figure  9<. 
Column  1^  on  figure  9. 
From  table  h» 


6.  Column  18  on  figure  9. 

7.  Column  20  on  figure  9. 

8.  Colujtnn  21  on  figure  9. 

9.  Column  22  on  figure  9, 
10.  Column  11  on  figure  I6, 


Figure  21. --Summary  sheet  of  soil  profile  measurements. 


sample  is  then  slaked  in  water  and  washed  through  a  2  mm.  screen.   Particles 
larger  than  2  mm.,  which  are  considered  as  rock,  are  dried  and  weighed.   The 
weight  of  rock  is  shown  on  the  work  sheet.   The  purpose  of  determining  rock 
is  to  compare  samples  on  a  rock-free  basis.   This  removes  much  erratic  varia- 
tion in  comparison  of  bulk  density.  When  sufficient  sampling  has  been  done 
at  a  site,  average  values  of  rock  are  determined  for  the  horizons  sampled. 
These  averages  are  used  to  adjust  bulk  density  and  other  constants  to  pre- 
vailing field  values. 

Computational  Methods 

Percolation  computations  have  been  described  for  the  pit  samples. 
Other  calculations  are  shown  in  figure  9.  To  simplify  calculations,  tables  - 
2,  3;  and  4  have  been  made  and  are  included  with  this  paper.  Reciprocals 
are  used  where  division  is  indicated,  to  speed  up  operations  on  a  calculating 
machine.  Figure  21  shows  the  final  summary  form  used  to  show  the  results  of 
determinations  for  a  soil  profile.  All  percent  values  are  given  as  percent 
of  soil  volume  (Pv.). 
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Table  1. --Factors  for  converting  percolation  rate  in  cubic  centimeters 

per  minute  at  test  temperature  to  Inches  per  hour  at  unit  head 
at  60  F.   Used  for  2^0  cc.  samples— 


Water 

Temp. 
(°F.) 

0 

1 

2 

3 

k 

5 

6 

7 

8 

Q 

Factors 

ko 

.606 

.595 

.585 

.575 

.565   .556 

.547 

.538 

.529 

.521 

50 

.513 

.505 

Ml 

.1+89 

.482   .474 

.467 

.460 

.454 

.447 

60 

.kho 

.^3h 

.Ii28 

.422 

.416  .411 

.405 

.400 

.394 

.389 

70 

.384 

.379 

.374 

.369 

.364  .359 

.355 

.350 

.345 

.341 

80 

.337 

.333 

.329 

.325 

.321  .318 

.314 

.310 

.307 

.303 

1/     Values  in  top  row  and  left  column  are  degrees  F.   Tabulated 
values  are  conversion  factors.   The  product  of  factor  and  cc.  per  minute 
is  inches  per  hour  corrected  for  head  and  temperature.  Example:   If  mea- 
sured percolation  rate  is  Y  cc.  per  minute  and  water  temperature  is  62OF., 
then  Y  times  0.428  equals  inches  per  hour  at  unit  head  at  60°F. 


Table  2. --Volume  of  soil  in  2^30  cc.  sample  when  the  weight  of  rock  in  the 

sample  is  known— 


Weight 

of  rock 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

( grams ) 

Volume  of  soil  in  cc. 


0 
10 
20 
etc. 


250.0  249.6  249.2  248.8  248.5  248.1  247.7  247,4  247.0  246.6 
246.2  245.9  245.5  245.1  244.7  244.3  244.0  243.6  243.2  242.8 
242.5  242.1  241.7  241.3  241.0  240.6  240.2  239.8  239.4  239. 1 


1/     Values  in  top  row  and  left  column  are  weight  of  rock  in  sample  in 
grains.   Tabulated  values  give  volume  of  sample  minus  volume  of  rock.   Basis  for 
computing  values  in  table  is  voliome  of  soil  sample  minus  weight  of  the  rock 
divided  by  specific  gravity  of  the  rock  or 


Volume  of  soil  in  sample  =  25O  -  \- 


wt.  of  rockl 

^7^5 — ^ 


In  reciprocal  form  this  becomes  Volume  of  soil  in  sample  =  25O  -  .377  (weight 
of  rock).   Example:  After  sieving  soil  sample,  11  grains  of  material  is  re- 
tained on  the  2  mm.  sieve.   Opposite  11  grams  of  rock  in  the  table  is  the  volume 
of  soil  in  the  sample,  245.9  cc. 
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Tab le  3 • — Factors  for  calculating  percent  by  volume  corrected  for  rock— 


1/ 


Weight 

—  '       — 

1 

of  rock 

0 

1 

2 

3 

k 

5 

6 

7 

8 

9 

(grams) 

Factors 

0 

.40000 

.40064 

.40128 

.40193 

.40241 

10 

.40617 

.40667 

.40733 

. 40800 

.40866 

20 

.41237 

.41305 

.4137^ 

.41442 

.41494 

etc. 

40306  .40371  .40420  .40486  .40552 
40933  .40984  .41051  .41118  .41186 
41563  .41632  .41701  .41771  .41824 


1/     Values  in  left  column  and  top  row  are  weight  of  rock  in  grams  in  the  seonple. 
Tabulated  values  are  reciprocal  of  volumes  corrected  for  rock  (table  2)  times  100.   Use 
of  this  table  shortens  computational  time,  as  multiplication  is  substituted  for  division. 
Example:   If  a  sample  has  a  field  moisture  content  of  Y  grams  of  water  but  contains  12 
grams  of  rock,  then  Y  times  0.40773  is  the  field  moisture  content  in  percent  by  volume 
of  the  rock-free  soil. 


Table  4. --Porosity  of  sample  based  on  bulk  density 


.1/ 


Bulk 
density 

.00 

.01 

.02 

!  .03 

.04 

i       1 

.05 

.06 

.07 

.08 

.09 

Percent  poro 

sity 

.90 

66.0 

65.6 

65.3 

64.9 

64.5 

64.1 

63.7 

63.4 

63.0 

62.6 

1.00 

62.3 

61.9 

61.5 

61.1 

60.7 

60.4 

60.0 

59.6 

59.2 

58.8 

1.10 

58.5 

58.1 

57.7 

57.3 

57.0 

56.6 

56.2 

55.8 

55. i^ 

55.1 

1.20 

3^.1 

5^.3 

54.0 

53.6 

53.2 

52.8 

52.4 

52.1 

51.7 

51.3 

1.30 

50.9 

50.6 

50.2 

49.8 

49.4 

49.1 

48.7 

48.3 

^7.9 

47.5 

1.40 

47.2 

46.8 

46.4 

46.0 

ii5.7 

^5.3 

44.9 

44.5 

44.1 

43.8 

etc. 

1/     Values  in  left  column  and  top  row  are  bulk  density  of  sample.   Tabulated 
values  are  porosity,  calculated  as  follows: 

r>     4-      -J.    T^/^   ^bulk  density  x  100) 
Percent  porosity  =  100  -  I ^  '' y 

Exajnple:   If  sample  has  a  bulk  density  of  I.I3,  the  total  porosity  of  the  sample  is 
57.3  percent. 
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FOREWORD 


A  simple  method  for  estimating 
the  cost  of  sawing  mill-run  pine  lum- 
ber from  logs  of  any  size  at  small  saw- 
mills is  described  in  this  paper.   This 
estimating  method  is  based  upon  time- 
study  data  obtained  during  an  investiga- 
tion of  the  marketing  of  sawmill  and 
logging  residues.   The  investigation  was 
made  iinder  Title  II  of  the  Research  and 
Marketing  Act  of  19^6.   The  sawing-time 
data  were  collected  and  analyzed  for  use 
in  appraising  the  possibilities  of  re- 
ducing logging  waste  through  the  inte- 
grated sale  and  utilization  of  timber 
for  sawlogs  and  pulpwood.   The  results 
of  the  analysis  are  presented  here  since 
it  appeared  that  they  would  be  of  suf- 
ficient use  to  small-sawmill  operators 
to  warrant  separate  publication. 
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PINE  SAWMILLING  COSTS  BY  LOG  SIZE: 

An  Estimating  Method 

by 

Walter  C.  Anderson 


Sawmill  operators  know  that  it  costs  more  to  saw  a  thousand  board 
feet  of  lumber  from  small  logs  than  from  large  ones.   They  are  quite  sure 
some  of  these  small  logs  are  unprofitable,  but  they  don't  know  exactly 
which  sizes.   If  an  operator  knew  which  sizes  don't  pay,  he  could  avoid 
sawing  such  logs  and  thus  increase  his  profits. 

This  paper  presents  an  easy  method  for  estimating  the  cost  of 
sawing  logs  by  log  size.   The  method  is  based  upon  sawing-time  studies 
made  at  25  small  sawmills  in  the  South  Carolina  Piedmont.   These  mills 
produced  green,  mill-run  pine  lumber,  and  the  resiilts  of  the  study  apply 
generally  to  small,  edger-equipped  sawmills  of  this  type  throughout  the 
Piedmont . 


STEPS  IN  FIGURING  SAWING  COSTS 

Using  the  Sawing  Cost  Work  Sheet  (Form  l),  small  sawmill  opera- 
tors can  calculate  sawing  costs  for  logs  from  5  to  l6  inches  in  diameter 
inside  bark  at  the  small  end  of  the  log,  and  from  8  to  l6  feet  in  length, 
About  98  percent  of  the  pine  logs  included  in  the  South  Carolina  study 
fell  within  this  range  of  sizes. 

The  figures  in  Columns  3  and  5  are  constant  values  that  apply  to 
any  small  sawmill  producing  green,  mill-run  pine  lumber.   The  method  of 
computing  the  values  given  in  these  two  columns  is  explained  in  the 
last  two  sections  of  this  paper. 

The  figures  in  Column  2  and  the  total  at  the  foot  of  Column  7 
are  to  be  collected  and  recorded  by  the  sawmill  operator.   The  remain- 
ing space  in  Columns  k,    6,  and  7  is  for  use  by  the  operator  in  calcu- 
lating his  cost  of  sawing  logs  of  certain  sizes. 

To  use  this  method  of  sawing-cost  calculation,  the  operator  must 
keep  a  record  of  the  logs  he  saws  during  a  full  day's  operation  by  log 
diameter  inside  bark  and  log  length.   The  number  of  logs  of  each  diam- 
eter and  length  is  recorded  in  Column  2.  For  the  same  period  he  re- 
cords all  his  costs  of  operation  in  the  Cost  of  Operation  Record 
(Form  2).   The  sum  of  his  operating  costs  is  then  entered  at  the  foot 


(1) 


Form  1 . - -Sawing  cost  work  sheet 
_(2) Q] (h) [51 


(6) 


(7) 


Log  size 


Scaling 
diameter 


Length 


Log 
tally 


Weighting 
factor 


We  ighted 

log 

tally 


Sawing- 
time 
ratio 


Multiplier 


Sawing 

cost 

per 

MBM 


Inches 


Feet 


Number 


Dollars 


5 

8 

108 

16,700 

o.ua.88 

XX. ox 

5 

10 

1 

1 

127 

>*7 

13,100 

5 

12 

lh3 

11,100 

5 

ll+ 

158 

9,800 

5 

16 

187 

9,700 

6 

8 

1 

» 

128 

\X-i 

13,800 

6 

10 

1 

1 

11+5 

ms 

12,500 

o.3a>o 

\6.H? 

6 

12 

II 

z 

170 

3^0 

11,200 

6 

ll+ 

189 

10,200 

6 

16 

220 

10,000 

7 

Q 

1 

I 

1'>1+ 

15^ 

11,900 

7 

10 

II 

% 

177 

J'SH 

10,900 

7 

12 

•rtni 

6 

205 

sX'io 

10,000 

O.X56S 

\'i.  \°i 

7 

11+ 

235 

9,100 

7 

i6 

260 

8,600 

8 

8 

I 

1 

190 

\qo 

10,900 

8 

10 

an 

H- 

217 

«68 

9,700 

8 

12 

•Hrt-i 

£ 

21+5 

IH-70 

8,900 

8 

ll+ 

III 

3 

27I+ 

in. 

8,100 

0.7.0&0 

10. 6S 

8 

i6 

305 

7,700 

9 

8 

230 

10,500 

9 

10 

III 

S 

263 

7t^ 

9,100 

9 

12 

m-H 

7 

293 

7.oS\ 

8,100 

9 

ll+ 

III 

3 

322 

<K(>6 

7,500 

9 

l6 

( 

1 

359 

35^ 

7,000 

10 

8 

287 

10,000 

10 

10 

II 

% 

321 

6HZ 

8,800 

10 

12 

-Will 

« 

3I+9 

X79^ 

7,700 

10 

lU 

II 

Z 

383 

76« 

7,000 

10 

l6 

1 

1 

1+12        . 

M\X 

6,1+00 

11 

8 

351 

9,800 

U.oS 

11 

10 

II 

% 

38I+ 

768 

8,1+00 

o.aisr 

11 

12 

4«* 

s 

I+II+ 

^c>7o 

7,300 

0.  1875 

'\.fe-i 

11 

11+ 
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0. 1«.<^s 

«.7o 

11 

i6 

Ul 

i 

1+82 

(++H6 
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12 

8 

1+22 
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12 

10 
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12 

12 

III! 

»f 

1+80 

\^1o 

7,000 

12 

11+ 

1 

1 

5IU 

SiH 

6,200 

12 

i6 

m 

3 

555 

t66£ 

5,800 

13 

8 

500 

9,500 

13 

10 

526 

7,800 

13 

12 

III 

i 

565 

\6<^5 

6,900 

0.  17  7  2. 

°v.  10 

13 

ll+ 

II 

Z 

597 

\»'^4 

6,100 

13 

i6 

(1 

Z 

623 

\2.H(, 

5,500 

11+ 

8 

585 

9,1+00 

11+ 

10 

607 

7,700 

11+ 

12 

III 

3 

636 

1908 

6,600 

ll+ 

ll+ 

1 

1 

669 

66^ 

5,800 

11+ 

i6 

IIU 

H 

715 

J.860 

5,300 

15 

8 

666 

9,200 

15 

10 

1 

1 

705 

7o5 

7,700 

15 

12 

II 

% 

7I+0 

l48o 

6,600 

15 

ll+ 

1 

1 

772 

777. 

5,800 

15 

i6 

1 

1 

802 

aoi 

5,200 

16 

8 

767 

9,200 

16 

10 

802 

7,500 

16 

12 

1 

1 

831 

6^^ 

6,1+00 

16 

ll+ 

869 

5,600 

16 

16 

II 

2. 

896 

\T\i. 

5,000 

Total  weighted  tally  =   ^g^'^'^X. 


Total  operating  cost 
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Form  2. --Cost  of  operation  record 


Cost  item 


Expense 


(Dally  basis  J 


LABOR  COST 


Wages : 


1  Sawyer  at  $  \  .7.'^  /hr .  for  8  hrs  . 

4-  Mill  hands  at  T'S'yS  /hr.  for  8  hrs. 


Payments  for  labor: 


Total  wages 


Social  Seciirlty  (Z  %   of  payroll) 

State  Unemployment  Compensation  (3  %   of  payroll) 

Workman ' s  insurance  ( S  ^  of  payroll ) 


Total  payments 


Transportation  for  crew: 


Average  distance  of  round  trip  (6o  miles) 

Average  running  expenses,  including  tires,  gas,  oil, 

and  repairs  (5.€<^/mile) 
Average  fixed  expenses,  including  interest  on  invest- 
ment, license,  taxes,  insurance,  and  depreciation 
($2.o'+/day) 


Total  transportation  cost 


TOTAL  LABOR  COST 


Dollars 


iO  .00 

XH.oo 


3H.OO 


.6E 


inx 


3.-?)4 


a-o4 


5.40 


H^.VTl 


MACHINE  COST 


Power  unit ; 


Fuel  {%'S   gal. /day  at\Hvf/gal.)  %.50 

Crankcase  oil  (ave.  of  I  gal. /day  at^Oyf/gal.)  ,^o 

Antifreeze  (5gaL/yr.  at  $  "i-l^  gal .  ;2.X.5work  days/yr.)     .o2 
Repairs  and  supplies  (ave.  of  $Z5c>/yr .  ;  X^S"  work  days/yr. )  I.  H 


Total  cost  of  running  power  unit 


Sawmill: 


Grease  and  marine  oil  (for  power  unit  and  sawmill) 
Belts  (ave.  of  $\6o/yr.;  Z/L^  work  days/yr. 
Sawbits  (3  boxed/mo.  at  $U/box;  Rework  days/mo.) 
Rings  (  H"2/yr.  at  $  \  /each;  *? R-S" work  days/yr. 
Hammering  saw  ($\o/yr . ;  7.Z5  work  days/yr. 
Cable  ($Ho/yr.  jZ-^l 5  work  days/yr.) 

Sawdust  chain  (l5o  ft  ./yr.  at33  i?^  f  t.  ; /iT.^  work  days/yr.) 
Replace  tools  ($3o/yr .  ;^:?,S  work  days/yr.) 

Total  cost  for  maintaining  sawmill  unit 
TOTAL  MACHINE  COST 


TOTAL  OPERATING  COST  (For  one  day)- 


1/ 


1/  Enter  this  value  at  foot  of  Column  7  in  Form  1. 


s.s^ 


.5o 
.71 

.•2-V 

.18 


3.^H 


^i.^23 


SU^S 
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of  Column  7-—   Once  this  infonnation  Is  obtained,  his  sawing  costs  can 
be  calculated  as  outlined  below. 

To  illustrate,  it  is  assumed  that  96  logs  were  sawed  into  liomber 
(5,700  board  feet)  during  the  day.   The  number  of  logs  of  each  size  is 
shown  in  Column  2.   The  cost  of  sawing  these  logs  ($51 '35)  is  shown  at 
the  foot  of  Column  7- 

The  operator's  first  step  in  calculating  sawing  cost  by  log  size 
was  to  miiltiply  the  number  of  logs  of  each  size  (Col.  2)  by  the  weight- 
ing factor  for  logs  of  that  size  given  in  Column  3«   In  our   sample  cal- 
culation there  were  six  7- inch,  12-foot  logs  tallied,  and  the  weighting 
factor  for  logs  of  this  size  is  205-   Therefore,  the  calculation  was 
6  X  205  =  1,230  (entered  in  Col.  k) .      The  sum  of  all  these  products 
recorded  in  Column  U  (38,9^2)  was  the  weighted  tally  for  the  day's  run 
of  logs. 

Next,  the  operator  calculated  a  multiplier  (Col.  6)  for  each 
size  of  log  for  which  an  estimate  of  sawing  time  was  desired.  He  ob- 
tained this  multiplier  by  dividing  the  sawing- time  ratio  (Col.  5)  for 
that  log  size  by  the  weighted  tally  (sum  of  Col.  h) .      The  multiplier 
obtained  for  7-inch,  12-foot  logs  in  this  example  was:   10,000  -r  38,9^2 
=  0.2568. 

The  cost  of  sawing  a  thousand  board  feet  of  lumber  from  a  par- 
ticular size  of  logs  was  obtained  by  multiplying  the  total  operating 
cost  (foot  of  Col.  7)  "by  the  multiplier  (Col.  6)  for  this  size  of  log. 
The  cost  of  sawing  a  thousand  board  feet  of  lumber  from  7-inch,  12-foot 
logs  in  this  example  was:   $51-35  x  O.2568  =  $13.19. 

In  this  way,  sawing  costs  can  be  calculated  by  a  small- sawmill 
operator  for  any  size  of  log.   (The  reader  will  find  blank  work  sheets 
for  this  purpose  at  the  end  of  this  paper.)  He  is  not  limited  in  his 
calculation  to  only  those  sizes  of  logs  that  he  has  tallied  and  sawed. 
In  our  illustration,  for  instance,  a  sawing  cost  was  calculated  for  5- 
inch,  8-foot  logs  even  though  no  logs  of  this  size  were  included  in  the 
log  tally. 


1/  It  should  be  noted  that  this  sum  does  not  include  fixed  costs, 
such  as  depreciation  charges  on  equipment,  or  the  cost  of  moving  the 
mill  to  a  new  location.   They  are  excluded  from  this  cost  calculation 
because  fixed  costs  are  not  associated  with  particular  units  of  produc- 
tion. For  instance,  depreciation  charges  are  assumed  when  a  mill  is 
bought,  and  the  costs  of  moving  a  portable  mill  are  assumed  when  it  is 
set  up.   They  have  no  relation  to  log  size. 


-  h 


WAYS  TO  USE  SAWING  COSTS 

If  a  sawmill  operator  knew  his  profit  or  loss  from  sawing  logs 
of  each  size,  this  knowledge  would  guide  him  in  deciding  (l)  what  sizes 
of  logs  pay  their  way  on  his  particular  operation,  (2)  what  sizes  of 
logs  would  pay  their  way  if  conditions  changed,  e.g.,  if  lumber  prices 
declined  by  a  given  amount,  and  (3)  what  is  the  most  profitable  use 
that  can  be  made  of  a  log  or  tree  section  of  any  size. 

Minimum  Profitable  Size  of  Logs 

Small  logs  outnumber  large  ones  on  many  log  decks  in  the  Pied- 
mont, because  sawmill  operators  can  seldom  select  the  sizes  they  pre- 
fer.  This  fact  makes  it  important  that  each  sawmill  operator  know  the 
smallest  sizes  of  logs  he  can  profitably  saw  into  lumber.   To  find 
these  log  sizes,  he  needs  to  know  (l)  the  value  per  thousand  board  feet 
of  the  liomber  at  his  sawmill,  and  (2)  the  cost  of  logs  at  his  sawmill, 
also  on  a  per-thousand-board-f oot,  lumber-tally  basis.   His  sawing 
costs  by  log  size  he  estimates  as  described  above. 

The  value  of  lumber  at  his  sawmill  may  be  taken  as  its  delivered 
price  minus  the  prevailing  rate  for  contract  hauling.   This  value  is 
$43  per  thousand  board  feet  where  the  average  price  of  liimber  is  $48 
and  the  contract  rate  for  hauling  lumber  is  $5- 

The  cost  of  logs  to  the  sawmill  operator  is  at  a  flat  rate  per 
thousand  board  feet  when  he  acquires  them  through  (l)  purchase  by  log- 
scale  delivered  to  the  mill,  or  (2)  contracting  the  logging  of  his 
sturapage  at  a  fixed  rate  per  thousand  board  feet.   Their  cost,  of 
course,  must  be  expressed  in  terms  of  lumber  tally.   This  is  necessary 
because  log  costs  are  combined  with  lumber  value  and  sawing  costs, 
both  of  which  are  in  terms  of  lumber  tally,  in  computing  the  size  of 
the  smallest  profitable  log.   Log  rules  do  not  give  a  sufficiently 
accurate  measure  of  the  lumber  content  of  logs  for  this  purpose. 

When  the  cost  of  logs  per  thousand  board  measure  does  not  vary 
by  log  size,  the  profitable  sizes  of  logs  are  determined  by  the  rela- 
tionship between  two  factors.   These  factors  are  (l)  the  dollar  spread 
between  average  log  cost  and  average  lumber  value,  and  (2)  the  cost  of 
sawing  the  log.   If  logs  cost  $32  per  thousand  board  feet  at  the  mill 
and  lumber  is  valued  at  $^3  per  thousand  board  feet  at  the  mill,  the 
dollar  spread  between  them  is  $11.   With  this  dollar  spread,  the  small- 
est log  with  a  sawing  cost  of  less  than  $11  is  the  minimimi  profitable 
size  of  log.   It  can  be  found  by  the  trial-and-error  process  of  calcu- 
lating sawing  costs  for  various  log  sizes  and  comparing  each  cost  with 
this  dollar  spread  until  the  smallest  profitable  log  size  is  found. 
In  our  example,  it  was  an  8-inch,  l4-foot  log.   The  cost  of  sawing  8- 
inch,  l4-foot  logs  is  $10.68  per  thousand  board  feet,  and  the  sawing- 
time  ratio  is  8,100.   Therefore,  this  operator  can  profitably  saw  all 


logs  with  saving-time  ratios  of  8,100  or  less.   This  includes  8-inch 
logs  that  are  l4  feet  long,  and  logs  12  inches  and  larger  that  are 
at  least  10  feet  long. 

When  sawlogs  are  cut  by  the  operator's  own  crews,  the  cost  of 
logs  per  thousand  board  feet  is  no  longer  the  same  for  all  sizes  of 
logs.   The  reason  for  this  is  that  felling,  bucking,  skidding,  and 
hauling  costs  are  all  greater  per  thousand  board  feet  for  small  logs 
than  for  large  ones. 

When  an  operator  does  not  know  his  log  costs  by  log  size,  he 
can  approximate  the  size  of  the  smallest  log  he  is  able  to  make  and 
saw  at  a  profit.   To  do  this,  he  must  find  the  size  of  his  average 
log  and  his  average  cost  of  logging.  For  example,  an  operator  finds 
that  for  one  day  the  total  logging  cost  was  $68.^4-0;  the  total  volume 
of  logs  produced  was  5^700  board  feet,  lumber  tally;  and  the  total 
number  of  logs  produced  was  96.   Therefore,  the  average  logging  cost 
was  $12  per  thousand  board  feet  and  the  average  volume  per  log,  59*^ 
board  feet.  Referring  to  table  1,  the  operator  found  that  59 ^^  board 
feet  was  the  average  lumber  content  of  11-inch  logs.   The  average  cost 
of  logging  11-inch  logs  was,  therefore,  $12  per  thousand  board  feet. 
The  cost  of  logging  smaller  logs  was,  of  course,  greater  than  this, 
and  the  cost  of  logging  larger  ones  was  less.   If  stumpage  was  $20  and 
the  sawing  cost  for  11- inch,  12-foot  logs  was  $9.63,  the  total  cost  of 
a  thousand  board  feet  of  lumber  from  average  11- inch  logs  would  be 
$^1.63.   It  would  pay  him  to  produce  lumber  from  logs  of  this  size 
when  the  value  of  lumber  at  the  mill  was  $^4-3  per  thousand  board  feet. 
With  this  knowledge  he  could  intelligently  estimate  the  smallest  size 
of  log  it  woiild  pay  him  to  make  and  saw.   In  this  example,  it  appears 
that  a  log  10  inches  in  diameter  woiild  be  the  smallest  profitable  size. 


Table  1.- -Average  log  lengths  and  log  volume 


by  scaling  diameter 

Scaling 

diameter 

(inches) 

1    Average    [ 
[          length     ] 

Log 
volume 

Feet 

Board 
feet 

5 

10.3 

10 

6 

10.6 

12 

7 

12.1 

21 

8 

12.5 

28 

9 

12.7 

36 

10 

13-0 

k6 

11 

13.1 

61 

12 

13.3 

82 

13 

12.7 

82 

Ik 

12.9 

97 

15 

13.5 

13^ 

16 

13.7 

i^h 
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Changes  in  the  Minlm-um  Profitable  Size  of  Log 

There  is  a  second  way  in  which  small  sawmill  operators  may  use 
sawing  costs  by  log  size  in  guiding  their  operations.   It  is  to  estim- 
ate what  size  the  smallest  profitable  log  would  be  if  a  change  occurred 
in  such  cost  or  receipt  items  as  wages,  stumpage  prices,  or  lumber 
prices.   An  operator  could  make  this  estimate  by  merely  substituting 
into  his  calculation  of  minimum  log  size  the  new  wage  or  price  for  the 
previous  wage  or  price.   The  minimum  profitable  size  of  log  could  then 
be  calculated  in  the  manner  that  has  already  been  described. 

Consider,  as  an  example,  the  effect  on  the  size  of  profitable 
logs  of  a  decline  in  the  average  price  of  lumber  such  as  occurred  in 
the  lower  Piedmont  of  South  Carolina.   Between  December  1953  and  March 
195^,  the  average  price  small  sawmills  received  for  green,  mill-run 
pine  limber  delivered  to  a  concentration  yard  declined  from  $48  to  $46 
per  thousand  board  feet.   Since  the  average  contract  rate  for  hauling 
lumber  is  $5  per  thousand  board  feet,  the  value  of  lijmber  at  the  saw- 
mills fell  from  $4-3  to  $4l  per  thousand  board  feet.   Logs  delivered  to 
sawmills  dioring  this  period  sold  for  an  average  price  of  $32  per  thou- 
sand board  feet,  when  log  price  is  expressed  in  terms  of  actual  lumber 
outturn.   Thus,  the  net  effect  of  the  decline  in  lumber  prices  was  to 
narrow  the  spread  between  the  cost  of  logs  and  the  value  of  lumber  from 
$11  to  $9  per  thousand  board  feet. 

Some  small  sizes  of  logs  that  were  sawed  into  lumber  at  a  profit 
in  December  1953  could  be  sawed  only  at  a  loss  in  March  195^,  as  long 
as  the  average  daily  cost  of  sawmill  operation  remained  at  $51 •35-   If 
the  cost  of  operating  the  sawmill  was  reduced,  some  of  these  small  logs 
could  still  be  sawed  at  a  profit.   An  operator  could,  for  instance,  re- 
organize his  crew  for  greater  efficiency.   By  relocating  his  sawmill, 
he  could  shorten  the  distance  he  must  transport  his  crew  to  and  from 
work.   He  could  even  let  his  sawmill  deteriorate  by  spending  less  on  its 
upkeep,  although  in  the  long  run  this  would  not  be  an  economy.   However, 
the  extent  to  which  he  could  reduce  operating  costs  is  limited,  and  it 
may  be  impracticable  to  reduce  them  at  all. 

When  the  average  daily  cost  of  operating  a  sawmill  cannot  be  sub- 
stantially reduced,  the  operator  coilLd  limit  the  logs  he  sawed  to  those 
larger,  profitable  sizes.   Which  sizes  of  logs  are  profitable  he  could 
determine  by  calciilating  in  Form  1  the  smallest  log  sizes  from  which 
lumber  can  be  sawed  for  less  than  $9  per  thousand  board  feet.   For  this 
example,  the  adjustment  an  operator  woiild  have  to  make  in  the  minimum 
sizes  of  logs  he  sawed  is  shown  in  table  2. 

Most  Profitable  Use  of  Logs 

A  third  way  a  sawmill  operator  can  use  sawing  costs  by  log  size 
is  in  setting  up  guides  for  the  integrated  use  of  a  tree.   The  object 
woiild  be  to  convert  each  section  of  the  tree  into  that  product  which 
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Table  2 .  -  -Minim-um  profitable  sizes  of  logs  when  the 
average  price  of  lumber  Is  $U8  and  when 
it  is  $^6  per  thousand  board  feet 


Lumber  price  $U8 

Lumber  price  $k6 

Minimum   :    Minimum 
log  diameter:  log  length 

Minimaim   :    Minimum 
log  diameter:  log  length 

Inches        Feet 

8  Ik 

9  12 

12           10 

Inches       Feet 

11          Ik 
Ik                        12 

yielded  the  greatest  profit  or  the  least  loss, 
illustrates  this  application: 


The  following  example 


A  sawmill  operator  who  buys  tree- length  logs  is  engaged  in  the 
production  of  both  lumber  and  pulpwood.   He  buys  trees,  delivered  to 
the  mill,  at  $32  per  thousand  board  feet,  mill  tally.   The  value  of 
a  thousand  board  feet  of  liimber  at  his  mill  is  $^3-   The  value  of  a 
cord  of  pulpwood  at  his  mill  is  $10.  He  must  decide  for  each  section 
of  each  tree  whether  to  saw  it  into  liimber  or  buck  it  into  pulpwood. 

To  guide  his  decisions,  he  computes  his  profits  or  losses  on 
lumber,  using  the  data  in  Form  1,  for  tree  sections  of  various  diam- 
eters and  lengths.  As  a  result  of  his  calciilations,  he  found  that  he 
would  lose  $5.^8  per  thousand  board  feet  on  lurnber  sawed  from  6-inch, 
10-foot  logs. 

Logs  of  this  size  that  could  be  sawed  into  1,000  board  feet  of 
lumber  could  alternatively  be  converted  into  3  cords  of  pulpwood.  At 
$10  per  cord,  their  value  as  pulpwood  would  be  equivalent  to  $30  per 
thousand  board  feet.  This  is  $2  less  than  the  cost  of  the  logs.  The 
loss  is  somewhat  greater  when  the  cost  of  bucking  these  10-foot  lengths 
into  5-foot  pulpwood  bolts  is  included. 

Comparing  his  alternative  rates  of  profit  (rates  of  loss  in  this 
example)  per  thousand  board  feet,  the  operator  would  probably  decide  to 
buck  the  section  into  pulpwood. 

These  are  three  suggested  ways  of  using  sawing  costs  by  log  size 
to  help  sawmill  operators  make  decisions  that  affect  their  profits. 
Sawmill  operators  may,  themselves,  discover  other  ways  of  using  sawing 
costs  by  log  size  to  guide  their  operations. 
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DERIVATION  OF  THE  SAWING- TIME  RATIOS 

The  method  described  in  this  paper  for  computing  sawing  costs 
by  log  size  was  derived  from  sawing-time  studies  at  25  small  mills 
sawing  pine  in  central  South  Carolina.   These  mills  appeared  to  be 
typical  of  those  in  the  "roofer  belt,"  which  extends  along  the  south- 
ern Piedmont  from  Virginia  through  Georgia.   Thus,  the  study  results 
are  generally  applicable  to  small  sawmills  over  this  entire  area. 

The  25  sample  mills  were  selected  randomly  from  those  located 
within  a  chosen  area  30  miles  in  radius .   The  only  restriction  placed 
on  the  sample  was  that  no  mills  which  produced  less  than  half  a  million 
board  feet  of  lumber  annually  were  drawn.   This  requirement  was  imposed 
to  avoid  the  delay  involved  in  trying  to  find  part-tim.e  mills  in  opera- 
tion. Among  the  mills  drawn  were  some  that  specialized  in  producing 
boards,  some  that  specialized  in  producing  2-inch  dimension,  and  others 
that  produced  all  sizes  to  order. 

Ail  the  sample  sawmills  were  small.   Their  crews  ranged  in  size 
from  four  to  nine  men,  and  their  daily  output  was  generally  under 
10,000  board  feet.  All  but  four  were  portables  that  moved  from  tract 
to  tract,  remaining  only  a  few  weeks  at  each  set.   They  sold  green, 
mill-run  pine  lumber  as  rapidly  as  it  was  produced  and  they  accumu- 
lated no  inventories . 

There  was  little  variation  in  equipment  from  mill  to  mill.  All 
the  sawmills  studied  had  headsaws  of  the  circular,  inserted-tooth  type. 
They  were  powered  by  Diesel  engines  or  engines  operating  on  kerosene. 
All  but  two  of  these  sawmills  had  edgers.   None  had  either  trimmers  or 
cut-off  saws. 

Collection  of  Data 

A  total  of  916   pine  logs  were  sampled- -approximately  36  logs  at 
each  mill.   The  distribution  of  these  logs  according  to  size  is  shown 
in  table  3' 

All  the  pine  logs  in  the  sample  were  timed  through  the  headsaw, 
and  the  time  was  recorded  to  the  nearest  second  by  log  size.   Time 
through  the  headsaw  was  considered  to  be  the  best  measure  of  sawing 
time  because  it  set  the  pace  for  all  other  mill  operations .   The  saw- 
ing time  for  a  log  was  defined  as  the  interval  between  the  time  the 
"dog  board"  from  the  previous  log  was  dropped  from  the  carriage  until 
the  "dog  board"  from  the  timed  log  was  dropped.   Delay  times,  such  as 
time  required  to  file  the  saw  or  make  repairs,  were  not  included  be- 
cause they  were  not  associated  with  log  size. 
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Table  3. --Number  of  logs  timed  at  sample  savmills,  by  scaling 

diameter  and  length 


Scaling 

diameter 

(inches) 


Length 


ft.:10  ft.:12  ft.tlU  ft.:l6  ft.:l8  ft.:20  ft, 


Total 


5 
6 

14 
63 

6 
32 

12 
37 

1 
15 

2 
12 

2 

-- 

35 
161 

7 

8 

29 

17 

33 
25 

76 
62 

27 
36 

30 
29 

4 
1 

1 

199 
171 

9 
10 

3 
2 

15 
10 

56 
40 

20 
17 

15 
20 

4 

__ 

113 
89 

11 
12 

1 

3 
3 

24 
14 

9 
9 

11 
5 

— 

1 

48 
32 

13 
14 

1 

1 

17 

10 

4 
4 

3 
3 

-- 

__ 

25 
18 

15 
16 

-- 

__ 

7 
3 

1 

4 
2 

^  _ 

-- 

11 
6 

17 
18 

«•» 

1 
1 

1 

-- 

2 

1 

^  _ 

.  . 

4 
2 

19 
20 

«■• 

— 

1 

-- 

-- 

_  _ 

-- 

1 

21 

22 

— 

— 

1 

— 

-- 

-- 

-- 

1 

Total 

130 

130 

361 

143 

139 

11 

2 

916 

The  lumber  outturn  of  each  log  was  tallied.   This  lumber  was  tal- 
lied in  the  same  manner  it  would  be  when  sold  to  concentration  yards  or 
to  other  local  buyers.  Boards  that  were  not  merchantable  were  rejected, 
Deductions  were  made  for  endtrimming .  Although  the  lumber  was  not  end- 
trimmed  at  the  mills,  it  would  be  before  it  was  tallied  at  the  concen- 
tration yard.  None  of  the  lumber  was  graded,  since  none  was  sold  on 
grade. 

Computation  of  Sawing-Time  Ratios 

The  time  required  to  saw  a  log  into  lumber  at  any  sawmill  was 
assumed  to  b^  detennined  primarily  by  the  size  of  the  log  and  the  pro- 
duction rate  of  the  sawmill.   The  size  of  the  log  is  defined  by  its 
cross -sectional  area  and  length.   The  production  rate  of  the  sawmill 
depends,  among  other  things,  upon  the  size  of  crew  and  the  type  of 
product  sawed. 
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The  data  were  analyzed  "by  using  multiple  regression  techniques 
and  graphics.   This  analysis  showed  that  sawing  time  is  positively 
correlated  with  both  scaling  diameter  and  log  length.   The  analysis 
also  showed  that  while  the  production  rate  of  the  sawmill  affected 
the  height  of  the  sawing-time  curves,  it  did  not  change  their  slope. 

The  average  sawing  times  were  made  applicable  to  any  sawmill 
by  expressing  them  as  ratios  of  the  sawing  time  for  the  modal  size 
of  log.   To  calculate  these  ratios,  the  sawing  time  for  the  modal  size 
of  log  (the  7-inch,  12-foot  log)  was  assigned  a  value  of  100.   All  the 
sawing-time  ratios  shown  in  table  k   were  determined  from  this  base 
value.   These  sawing-time  ratios,  because  they  indicate  only  the  slope 
of  the  sawing-time  curves,  are  the  same  for  every  sawmill.   The  actual 
time  required  to  saw  any  size  of  log  at  a  particular  sawmill  fixes  the 
height  of  the  sawing-time  curves  for  that  sawmill.   Once  this  has  been 
done,  the  time  required  to  saw  any  other  size  of  log  at  that  sawmill 
can  be  determined  by  applying  the  sawing-time  ratios. 

Table  ^.--Sawing-time  ratios  per  thousand  board  feet 
by  log  scaling  diameter  and  length 


Scaling 

diameter 

(inches) 


Length 


8  ft, 


10  ft, 


12  ft. 


1^  ft.  :  l6  ft, 


5 
6 

167 
138 

131 
125 

111 

112 

98 
102 

97 
100 

7 
8 

119 
109 

109 
97 

100 
89 

91 
81 

86 
77 

9 
10 

105 
100 

91 
88 

81 
77 

75 
70 

70 
6k 

11 
12 

98 
97 

Qk 
80 

73 
70 

66 
62 

61 

58 

13 

95 
9^^ 

78 
77 

69 
66 

61 
58 

55 
53 

15 
l6 

92 
92 

77 
75 

66 
6h 

58 
56 

52 
50 

ORGANIZATION  OF  THE  SAWING -COST  WORK  SHEET 

Sawing  time,  and  thus  cost,  varies  with  log  size.   Regardless 
of  the  size  of  logs  sawed,  however,  operating  costs  accumulate  at  a 
steady  rate  during  the  period  that  the  mill  is  running.   Therefore, 
the  cost  per  thousand  board  feet  of  sawing  lumber  from  any  given  size 
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of  log  can  "be  calculated  l)y  translating  sawing  times  into  sawing  costs. 
The  Sawing  Cost  Work  Sheet  (Form  l)  was  set  up  for  this  piirpose. 

The  objectives  that  guided  the  organization  of  the  Sawing  Cost 
Work  Sheet  were : 

1.  To  limit  the  required  data  to  a  few  types  that  could  be 
easily  collected  by  sawmill  operators. 

2.  To  simplify  and  minimize  the  calculations. 

3.  To  express  the  calculated  sawing  costs  by  log  size  on  a  per- 
thousand-board-foot  basis,  so  the  costs  of  sawing  logs  of 
various  sizes  could  be  easily  compared. 

h.  To  enable  a  sawmill  operator  to  compute  the  cost  of  sawing 
any  size  of  log,  whether  he  has  sawed  logs  of  that  size  or 
not. 

The  principle  of  calculating  sawing  cost  by  log  size  employed  in 
Form  1  is  to  prorate  the  total  operating  cost  by  (l)  the  board  feet  of 
lumber  sawed  per  iniit  of  time  from  logs  of  each  size,  and  (2)  the  time 
spent  sawing  logs  of  each  size. 

Given  the  tally  of  logs  at  a  sawmill  and  the  cost  of  sawing  them, 
the  prorating  of  sawing  cost  by  log  size  might  take  the  form  shown  in 
table  5-   The  tally  is  entered  in  Coliomn  2,  the  total  cost  at  the  foot 
of  Column  8.   The  voliimes  per  log  (Col.  3)  ^-nd  the  sawing  times  per 
thousand  board  feet  (Col.  5)  a^e  averages  provided  by  the  25-mill  sam- 
ple (tables  6  and  7)-  Volume  by  log  size  (Col.  ^4-)  is  merely  the  prod- 
uct of  the  log  tally  (Col.  2)  and  the  volume  per  log  (Col.  3)*   Sawing 
time  by  log  size  (Col.  6)  is  the  product  of  the  volume  by  log  size 
(Col.  h)   and  the  sawing  time  per  thousand  (Col.  5)  divided  by  1000. 
For  the  first  group  of  logs  in  our  example,  this  value  is  2^+2  x  6U/10OO 
=  l5.i+9. 

Since  the  sawing  times  by  log  size  (Col.  6)  are  based  on  the  av- 
erage sawing  speeds  of  the  sample  mills,  they  may  be  either  too  high  or 
too  low  for  any  individual  mill.  However,  according  to  the  analyses, 
the  relative  times  by  log  size  are  the  same  for  all  mills  and  indepen- 
dent of  mill  speed.   Therefore,  if  the  times  in  Column  6  are  summed 
and  converted  to  percents,  as  in  Column  7?  these  percents  represent 
the  correct  distribution  of  the  total  sawing  cost  ($11  in  our  example) 
by  log  size.   This  distribution  is  shown  in  Coliimn  8,  and  is  converted 
to  a  per-thousand-board-foot  basis  in  Column  9  (Col.  8  divided  by 
Col.  h   and  multiplied  by  1000 ) . 
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(1) 


Table  3 '--Saving  cost  work  sheets  long  form 
(2)    (3)    (h)         (^)     (6)     (T)     (8)     (9) 


Log  size 


Scaling  '-j^^.-. 
diameter  :^^^ 


Log 

; tally 


' Volume ' 
per 
log 


Volume 

Sawing  [ 

by 

time 

log 

per  [ 

size 

MBF   • 

Sawing  : Sawing  = Sawing 

time  :  time   .  cost 

"by  :   by   J   by 

log  :  log   !  log 

size  :  size   .  size 


' Sawing 
cost 
per 
MBM 


Inches   Feet  Number 
6     i6    // 

9        1^      /r 

feet   feet 

22   ^  V2. 
h3       77y 

Minutes  Minutes  Percent 
U8    J  7.  /r     7^  0 

Dollars 

3.23 
^.77 

Dollars 
/3 

JO 

All  sizes 

10)0 

^'Z.Oi    /^-^ 

// 

Table  6. --Lumber  outturn 

per  log  by  scaling  diameter 

and  length 

(in  board  feet) 


Scaling 

diameter 

(inches) 


Length 


8  ft.  :  10  ft.  :  12  ft.  :  lU  ft.  :  l6  ft, 


5 
6 

6 
9 

10 
12 

13 
15 

l6 
19 

19 
22 

7 
8 

13 
17 

16 

22 

21 
28 

26 
3^ 

30 
1+0 

9 

10 

22 
29 

29 
37 

36 
J+6 

^3 
5^ 

51 

11 

12 

36 

i^6 
56 

56 

68 

67 
82 

79 
96 

13 
14 

52 
62 

67 
79 

82 
97 

98 
116 

lli+ 
135 

15 
l6 

72 
83 

92 
107 

113 
130 

I3i^ 
15^1 

155 
179 

In  drawing  up  the  Sawing  Cost  Work  Sheet  (Form  l),  the  calculation 
Just  described  was  altered  by  substituting  sawing-time  ratios  for  average 
sawing  times  in  minutes  and  simplified  by  combining  constants.  Actual 
sawing  times  were  employed  in  table  5  just  to  make  the  explanations  easi- 
er, and  it  is  only  the  relation  between  times  that  is  significant.   This 
relation  is  expressed  by  the  sawing-time  ratios. 
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Table  7' --Sawing  time  per  thousand  board  measure 
by  log  scaling  diameter  and  length 


(in  minutes) 

Scaling 

diameter 

(inches) 

Length 

:  8  ft.: 

10  ft.:  12  ft.:  Ik   ft.: 

l6  ft. 

5 
6 

107 
88 

84 
80 

71 
72 

63 
65 

62- 

6k 

7 
8 

76 
70 

70 
62 

6k 
57 

58 
52 

55 
k9 

9 
10 

67 
6k 

58 
56 

52 
k9 

kQ 
k5 

k^ 
kl 

11 

12 

63 
62 

5^ 
51 

k7 
k5 

k2 

ko 

39 
37 

11 

61 
60 

50 
k9 

kh 
k2 

39 
37 

35 
3^ 

15 
16 

59 

59 

k9 
kQ 

k2 

ki 

37 
36 

33 
32 

The  first  simplification  was  to  combine  the  volume  per  dog  and 
the  sawing-time  ratio  into  one  weighting  factor  (Col.  3  of  table  8), 
which  was  rounded  off  to  three  significant  digits.  A  second  simplifi- 
cation was  to  introduce  a  multiplier  (Col.  6)  into  the  calculation. 
This  value  is  obtained  by  dividing  each  sawing-time  ratio  (Col.  5)  "by 
the  weighted  log  tally  (sum  of  Col.  k) .     Use  of  the  multiplier  obviates 
the  need  for  computing  per cents,  such  as  were  needed  in  Column  7  of  the 
original  calculation  (table  5)*  Finally,  zeros  were  added  to  the  sawing- 
time  ratios  so  the  mailtiplier  would  yield  sawing  costs  per  thousand  board 
feet  when  miiltiplied  by  the  total  operating  cost. 

Table  8. --Sawing  cost  work  sheet,  short  form 


(1) 

(2) 

(3) 

(h) 

(5) 

(6) 

(7) 

Log  size 

Log 

tally 

Weighting 
factor 

Weighted 

log 

tally 

Sawing- 
time 
ratio 

Multiplier 

Sawing 
cost 

Scaling  : 
diameter :   ^^ 

per 

MBM 

Inches   Feet 

6     16 

9     ik 

Number 
// 

/r 

220 
322 

:z^20 

10,000 
7,500 

/.  2.17/ 
0.  ^/^f 

Dollars 

All  sizes 

S-^J  (r 

// 
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Form  2. --Cost  of  operation  record 


Cost  item 


LABOR  COST 
Wages: 


Total  wages 


Sawyer  at  $     /hr .  for   las. 
Mill  hands  at   ^  /hr.  for    hrs, 


Payments  for  labor: 

Social  Security  (  fo   of  payroll) 

State  Unemployment  Compensation  (  %   of  payroll) 

Workman's  Insurance  (  fo   of  payroll) 

Total  payments 
Transportation  for  crew: 

Average  distance  of  round  trip  (    miles) 

Average  running  expenses,  including  tires,  gas,  oil, 

and  repairs  (    5^ /mile) 
Average  fixed  expenses,  including  interest  on  invest- 
ment, license,  taxes,  insurance,  and  depreciation 
($    /day) 


Total  transportation  cost 


TOTAL  LABOR  COST 


MACHINE  COST 


Power  unit : 


Fuel  (   gal. /day  at   9! /gal.) 
Crankcase  oil  (ave.  of  gal. /day  at   jzi/gal.) 
Antifreeze  (   gal/yr .  at  $     gal.;    work  days/yr.) 
Repairs  and  supplies  (ave.  of  $   /yr.;     work  days/yr.) 


Total  cost  of  running  power  unit 


Sawmill : 


Grease  and  marine  oil  (for  power  unit  and  sawmill) 
Belts  (ave.  of  $   /yr.;     work  days/yr. 
Sawtits  (  boxed/mo.  at  $  /box;    work  days/mo.) 
Rings  (   /yr.  at  $  /each;     work  days/yr. 
Hammering  saw  (.$  /yr.;     work  days/yr. 
Cable  ($  /yr.;     work  days/yr . ) 

Sawdust  chain  (    ft./yr.  at   ^S  ft.;     work  days/yr. 
Replace  tools  (.$   /yr.;     work  days/yr.) 

Total  cost  for  maintaining  sawmill  unit 
TOTAL  MACHINE  COST 


TOTAL  OPERATING  COST  (For  one  day)^/ 


Expense 

(Daily  basis; 


Dollars 


1/  Enter  this  value  at  foot  of  Column  7  in  Form  1. 


Form  1. --Sawing  cost  work  sheet 


(1) 

( 
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In  colonial  days  the  silt  loams  overlying  the  clay  soils  in 
the  Piedmont  region  of  the  South  supported  extensive  hardwood  forests. 
Most  of  the  land  was  cleared  and  cultivated  in  cotton  until  the  boll 
weevil  and  severe  erosion  made  continued  cropping  unprofitable.   Aban- 
doned lands  seeded  to  pine,  but  hardwood  species  have  gradually  made 
their  appearance  under  the  pine,  following  the  usual  trend  of  ecologi- 
cal succession.   As  the  sites  gradually  improve,  the  hardwoods  become 
more  numerous  and  thrifty,  making  it  difficult  to  regenerate  pine  stands 
on  much  of  the  land  after  cutting. 

A  study  was  made  in  north-central  Georgia  in  a  typical  cutover 
pine  stand  with  a  hardwood  understory  to  measure  the  rate  of  hardwood 
invasion,  the  reaction  of  hardwood  species  to  release,  and  the  effec- 
tiveness of  cutting,  burning,  and  grubbing  as  control  measures  in 
reducing  hardwoods.   A  knowledge  of  understory  hardwood  behavior  is 
important  in  establishing  and  maintaining  pine  on  about  one-half  of 
the  upland  pine  sites  in  the  lower  Piedmont,  where  hardwoods  threaten 
■to  become  dominant. 

The  most  important  factor  governing  the  competition  offered 
pine  by  hardwoods  after  cutting  the  overstory  is  the  spurt  in  hardwood 
growth  and  thus  the  enlargement  in  area  shaded  by  them.   Other  factors 
of  importance  are  the  number  of  hardwoods,  the  height  of  their  crowns 
and,  because  they  are  important  in  control,  the  growth  characteristics 
of  individual  species  groups.   These  subjects  were  considered  in  the 
study. 


The  present  paper  is  a  more  detailed  ecological  report  of  the 
reaction  of-  the  hardwood  understory  to  the  control  treatments  listed 
above.   It  will  be  of  interest  mainly  to  research  workers  in  the 
fields  of  hardwood  control  and  the  ecological  aspects  of  forest  re- 
generation. 


Design  of  the  Experiment 

The  design  of  the  experiment  in  the  field  is  shown  in  figure  1. 
The  study  area  was  divided  into  four  split  blocks  in  such  a  manner 
that  the  longitudinal  axis  of  each  block  was  along  the  contour.   Within 
each  of  the  eight  half  blocks  there  were  five  l/lO-acre  plots  to  which 
five  treatments  were  assigned  at  random.   Thus  a  total  of  eight  repli- 
cates per  treatment  was  available  for  observation.   On  each  individual 
plot,  10  square  quadrats  each  1  milacre  in  area  were  selected  from  the 
100  possible  quadrats,  and  used  for  detailed  measurements.   The  perma- 
nent milacre  quadrats  were  selected  in  such  a  way  that  one  milacre 
quadrat  would  appear  in  each  column  of  the  plot  with  the  row  selected 
at  random  (fig.  l).   The  area  shaded  and  number  of  stems  were  determined 
on  the  permanent  quadrats  at  the  end  of  the  first,  second,  third,  and 
sixth  growing  seasons. 


Method  of  Measurement 

On  each  quadrat,  detailed  crown  maps  were  made  showing  the 
ground  area  covered  by  the  crowns  of  various  species,  and  the  level  of 
their  crowns  above  the  ground.   Vertical  crown  projections  were  measured 
by  a  grid-mapping  system,  with  the  aid  of  a  milacre  quadrat  frame  divided 
into  10  units  on  each  side.   Thus,  when  placed  around  the  permanently 
staked  quadrat,  the  frame  provided  a  guide  for  ocular  mapping.   As  a 
further  means  of  increasing  accuracy,  actual  mapping  of  the  crown  profile 
was  done  on  a  tally  sheet  with  a  100-unit  grid  system  superimposed  upon 
the  quadrat  outline. 

The  average  level  of  the  shade- casting  branches  was  ascertained 
by  an  ocular  estimate  of  the  point  on  the  tree  or  shrub  at  which  the 
crown  was  widest.   Then,  with  the  aid  of  a  graduated  rod,  the  height  was 
measured  and  recorded  in  2-foot  interval  classes.   Measurements  were 
taken  on  the  crown  nearest  to  the  ground  if  a  tree  or  shrub  grew  under 
the  crown  of  another. 

In  the  analysis  of  the  data  it  became  evident  that  the  hardwood 
species  could  be  grouped  on  the  basis  of  tolerance,  their  place  in  the 
successional  trend,  and  density  of  shade.   Consequently,  five  species 
groups  were  set  up  as  follows : 
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Species  group 


1.  Shrubs 

2.  Oak-hickory 

3.  Intolerant  hardwoods 

U.  Miscellaneous  hardwoods 


Major  components  of  the  group 

Sumac,  hawthorn,  wild  plum,  viburnum 

Water,  southern  red,  white,  post, 
and  black  oaks;  hickories 

Sweetguin,  blackgum,  yellow-poplar, 
white  ash 

Persimmon,  black  cherry,  mulberry, 
sassafras,  elm,  red  maple 


5.   Tolerant,  small  hardwoods   Dogwood,  serviceberry,  holly 


BEHAVIOR  OF  UNDERSTORY  HARDWOOD  FOLLOWING  CLEAR  CUTTING 


CHANGES  IN  AREA  SHADED 


The  logging  operation  itself  temporarily  reduced  hardwood  shade 
cover  because  of  breakage  by  felled  trees  and  mutilation  from  skidding 
logs;  immediately  prior  to  clear  cutting,  hardwoods  shaded  I8.8  percent  of 
the  area,  but  one  year  later  only  15-8  percent  was  shaded. 

By  the  end  of  the  second  growing  season,  however,  28.2  percent  of 
the  area  was  directly  shaded  by  hardwoods  and  shrubs.   Thereafter,  the 
rate  of  increase  was  slower.   In  the  third  year,  31-5  percent  of  the  area 
was  covered.   And  during  the  next  three  growing  seasons  the  area  shaded 
increased  to  3^-9  percent,  which  brought  the  total  to  slightly  more  than 
double  the  first   year's  coverage.   The  area  shaded  by  each  species  group 
and  for  all  groups  combined  is  given  in  the  left  hand  column  of  figure  2. 
Figure  3  shows  the  total  area  shaded  at  the  time  of  cutting,  and  the  amoun'' 
of  shade  contributed  by  various  species  groups  at  1-year  intervals  there- 
after.  This  figure  shows  that  the  big  increase  in  hardwood  competition 
occurs  during  the  first  3  years  after  cutting.   By  that  time  the  area 
shaded  by  tree  species  has  stabilized  considerably,  and  the  m;agnitude  of 
pine  release  operation  can  be  estimated. 

Changes  occurred  over  the  6-year  period  in  the  proportion  of  shade 
cover  contributed  by  the  various  species  groups. 

The  shrubby  species : --The  shrubby  species  show  a  steaiy  year  by 
year  increase  in  area  shaded.   They  shaded  2.9  percent  of  the  ground  in 
the  fall  of  1946  as  compared  with  9.9  percent  in  the  fall  of  I95I.   Shrubs 
occurred  on  kO   percent  of  the  sample  quadrats  in  19--I-6  and  on  5o  percent  in 
1951. 
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Figure  2. --Area  shaded,  by  individual  species  groups,  by  tree  species  alone,  and  by 
xree  species  and  shrubs  at  1,  2,  3>  and  6  years  following  various  control 
treatments.  ^ 
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Figure  3- --Area  shaded,  by  species  groups  on  the  untreated  plots,  measured  at  time 
of  cutting  and  at  1,  2,  3,  and  6  years  after  cutting  the  pine  overstory. 


-  7  - 


Oak-hickory: --The  oak-hickory  association  also  made  a  steady  year 
by  year  gain  in  area  shaded.   It  increased  from  an  initial  cover  of  2 . 5 
percent  to  9.I  percent  by  the  end  of  the  sixth  year.   The  increase  in 
area  shaded  was  entirely  a  result  of  expansion  of  tree  crowns  present  at 
the  time  of  clear  cutting.   This  species  group  expanded  its  crown  more 
than  all  the  other  hardwood  tree  species  combined.   The  oak-hickory 
association  occurred  in  I8.8  percent  of  the  quadrats  in  April  19^6^,  and 
this  number  had  not  changed  by  the  end  of  the  1951  growing  season. 

Intolerant  hardwoods: --The  intolerant  hardwoods  extended  their 
shade  cover  during  the  second  growing  season,  but  their  shading  effect 
steadily  decreased  in  subsequent  years.   Initially,  they  shaded  i+.6 
percent  of  the  area,  then  they  increased  to  8.6  percent,  but  covered 
only  7-1  percent  at  the  end  of  6  years.   The  decrease  in  area  shaded  may 
have  come  about  by  reduction  in  number  of  sprouts  and  by  invasion  of 
shrubby  species  underneath  the  light  shade  of  this  species  group,  which 
changed  the  classification  of  the  quadrat.   This  group  occurred  on  I8.8 
percent  of  the  plots  in  1951  and  occurrence  was  not  determined  in  19^6. 

Miscellaneous  hardwoods: --This  species  group,  which  consisted 
mainly  of  persimmon,  black  cherry,  and  sassafras,  should  not  constitute 
much  of  a  hazard  to  pine  culture,  because  of  the  light  shade  it  casts 
and  small  size  of  the  individual  trees.   The  area  shaded  showed  only  a 
slight  increase  during  the  5-year  period,  from  2.9  percent  to  k.6   percent. 
The  frequency  of  occurrence  increased  from  17-5  percent  to  31-2  percent, 
or  nearly  double.   Invasion  of  new  areas  by  persimmon  accounted  for  a 
large  portion  of  the  increase. 

Tolerant  small  hardwoods: --The  group  of  species  classified  as 
tolerant  small  hardwoods  was  predominantly  dogwood.   Even  though  the  area 
shaded  by  them  increased  relatively  slowly  (2.9  percent  to  U.3  percent), 
and  frequency  of  occurrence  increased  only  from  7-5  percent  to  10. 9  per- 
cent, they  nevertheless  constitute  an  important  impediment  to  pine  re- 
production.  Their  shade  is  dense  and  remains  relatively  low  throughout 
the  life  of  the  individual  tree  or  clump. 


CHANGES  IN  SHADE  LEVEL 


The  level  of  shade -casting  crowns  of  the  hardwoods  has  an  impor- 
tant bearing  on  the  establishment  and  development  of  pine  seedlings. 
Under  a  dense  low  shade,  pine  seedlings  cannot  become  established,  but  if 
seedlings  are  present  in  adjacent  openings,  they  soon  outgrow  the  low 
shade.   Under  a  high  shade  level,  pine  seedlings  can  become  established 
because  of  the  side  light,  but  they  require  release.   One  year  after  cut- 
ting and  no   treatment,  2.9  percent  of  the  total  area  was  covered  by  a 
shading  layer  at  the  1-foot  level,  4.5  at  the  3i-foot  level,  2.7  at  the 
5-foot  level,  and  5.7  at  the  6-foot-plus  level.   At  the  1-foot  level 
shrubs  created  the  most  shade;  at  the  3-foot  level  the  intolerant  hardwoods, 


At  the  5-  and  6-foot-plus  levels  there  was  little  difference  between 
groups  except  that  shrubs  contributed  little  shade  at  these  levels. 

The  area  shaded  by  each  species  group  at  several  shade  levels 
1  year  after  cutting  is  shown  in  table  1,  and  the  proportion  of  low- 
and  high-level  shade  at  different  periods  in  table  2 .   The  level  of 
shade  shifted  as  the  hardwoods  and  shrubs  grew  and  the  total  area 
shaded  increased.   At  1  year  after  cutting  nearly  half  of  the  shaded 
area  was  beneath  a  shade  level  of  less  than  h   feet.   At  6  years,  the 
proportion  of  shaded  area  under  low  shade  had  increased  to  nearly 
two-thirds  (table  2).   Figure  h   shows  the  condition  of  the  hardwood 
understory  immediately  after  clear  cutting  on  a  plot  to  be  left  un- 
treated.  Note  the  absence  of  cover  in  some  areas  and  the  large  residual 
hardwoods  that  were  left  in  other  areas.   Figure  5  shows  an  untreated 
plot  6  years  after  the  pine  overstory  was  removed.   A  release  cutting 
will  be  necessary  to  obtain  sufficient  free-growing  seedlings  for  satis- 
factory stocking. 

Table  l.--Area  shaded  by  species  groups  at  different  shade 
levels  1  year  after  clear  cutting 


(in  percent  of  total  area  shaded) 


Species  group 

: Total 
:  area 
: shaded 

Average 

level  of 

shade  above 

ground  at 

1  foot 

; 

3  feet 

: 

5  feet 

:  6  feet+ 

Shrubs 
Oak-hickory 
Intolerant  hardwoods 
Miscellaneous  hardwoods 
Tolerant  small  hardwood 

2.9 
2.5 

k.G 

2.0 
s  2.0 

1.2 

•5 
.k 

.5 
•  3 

0.9 

•  7 
2.0 

•  5 

.1+ 

0.1+ 
.2 
.6 

.7 
.8 

O.U 
1.1 
1.6 
1.2 
l.k 

Total 

15. B 

2.9 

i+.5 

2.7 

^j-1 

Table  2. --Area  under  . 

low  and 

high  shade 

levels 

at 

various 

periods  after  clear  cutting 

with  no 

cultural 

treatment 

(in  percent  of  total  area  shaded) 


Shade  level 

1  year 

2  years 

3  years 

•  6 

years 

Low  {\-h   ft. ) 
High  (1+  ft.  plus) 

7.^ 
8.1+ 

12.1 
l6.1 

10.5 
21.0 

22.8 

12.1 

Total 

15.8 

28.2 

31.5 

3I+.9 

9  - 


%. 


Figure  U. --Untreated  plot  immediately  after  clear  cutting  the  pine  overstory.   Note 
large  residual  hardwoods  in  some  areas  und  absence  of  hardwoods  in  others. 


Figure  5- --Untreated  plot  with  heavy  overwood  6  years  after  clear  cutting  the  merchant- 
able pine.   A  release  cutting  will  be  necessary  to  obtain  sufficient  free- 
growing  seedlings  for  satisfactory  stocking. 


-  10  - 


UNDERSTORY  HARDWOOD  BEHAVIOR  FOLLOWING  GRUBBING, 
BURNING,  AND  CUTTING  TREATMENTS 


The  cultural  treatments  had  varying  effects  on  the  hardwood  and 
shrub  cover  as  shown  in  the  three  columns  to  the  right  in  figure  2.   The 
rate  of  spread  of  shade  cover,  the  changes  in  various  species  groups, 
and  the  changes  which  occurred  in  shade  levels  following  treatments  are 
described  below. 


CHANGES  IN  AREA  SHADED  AND  FREQUENCY  OF  OCCURRENCE 


At  the  end  of  the  first  growing  season,  the  grubbing  and  burning 
treatments  show  a  biologically  significant  decrease  in  hardwood  shade 
cover,  exclusive  of  shrubs,  as  compared  with  the  check  and  the  cutting 
treatments.   For  the  grubbing  treatment  the  reduction  in  hardwood  cover- 
age extended  to  the  sixth  growing  season.   For  the  burning  treatment  the 
reduction  in  shade  cover  from  hardwood  species,  though  relatively  small, 
is  still  evident  in  the  second  and  third  year  after  treatment.   As  ex- 
pected, the  grubbing  treatment  even  after  6  years  still  shows  a  greater 
reduction  in  hardwood  shade  cover  than  does  the  burning  treatment  at  the 
end  of  the  second  year.   The  cutting  treatment  proved  to  be  a  stimulus, 
rather  than  a  deterrent,  to  hardwood  spread.   Hardwoods  receiving  the 
cutting  treatment  and  those  burned  did  not  show  tendencies  of  leveling 
off  in  their  rate  of  spread  during  the  last  several  years  as  did  the 
check. 

Shading  from  newly  invading  shrubs,  especially  after  the  third 
growing  season  adds  a  complication  not  anticipated  in  the  experimental 
design.   The  majority  of  the  shrubs  are  invading  open  land,  but  some  are 
invading  underneath  the  existing  hardwood  cover.   All  treatments  increased 
the  shrub  cover  over  that  of  the  untreated  plots,  especially  in  the  case 
of  the  grubbing  and  burning  treatments. 

In  general,  the  treatments  had  only  minor  effects  upon  the  suc- 
cessional  trend  although  they  obviously  reduced  the  number  of  plants. 
Grubbing  provides  the  exception  to  this  generalization  in  that  the  shrubby 
species  were  favored  by  this  treatment,  as  shown  in  table  3. 

Shrubby  species: --Accelerated  shrub  invasion  took  place  under  all 
treatments  in  the  first  year  following  cutting.   This  trend  continued 
through  the  sixth  year,  at  which  time  the  grubbed  plots  had  twice  the 
shade  cover  of  the  check.  The   cu+ting  treatment  displayed  the  least  gain 
over  the  check;  the  burning  treatment  produced  results  intermediate  be- 
tween the  grubbing  and  cutting  treatments.   I'here  was  also  a  marked 
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increase  in  the  frequency  of  occurrence  of  shrubs  following  all  treat- 
ments.  The  most  common  shrubby  invader  under  the  grubbing  treatment 
was  sumac,  with  a  frequency  of  occurrence  of  83.8  as  against  hi. 2   on 
the  check  plots.   The  shade  produced  by  shrubs  was  low  and  light. 

Oak-hickory . --While  these  species  were  unaffected  by  other 
treatments,  the  grubbing  reduced  the  area  shaded  to  about  one  fourth 
that  of  the  other  plots  the  first  year.   Grubbing  up  the  rootstocks 
retarded  reproduction  until  at  least  the  sixth  year,  at  which  time 
frequency  of  occurrence  was  about  the  same  as  for  other  treatments 
(table  3),  though  the  shaded  area  was  still  much  reduced. 

Table  3- --Frequency  of  occurrence—/  of  understory  hardwood 
species  groups  on  treated  and  untreated  plots  6~ 
years  after  cutting  the  overstory 

(in  percent  of  total  plots) 


Species  group 


Treatment 

:No  treatment 

: Grubbing: 

Burning 

Cutting 

56.2 

86.2 

63.8 

73.8 

18.8 

23.8 

25.0 

27.5 

18.8 

^2.5 

25.0 

52.5 

31.2 

31.2 

37.5 

27.5 

10.0 

3.8 

3.8 

6.2 

P   88.1 

95.0 

86.2 

91.2 

Shrubs 

Oak,  hickory 
Intolerant  hardwoods 
Miscellaneous  hardwoods 
Tolerant  small  hardwoods 
One  or  more  species  group 


1/  Frequency  of  occurrence  is  defined  as  the  percentage  of 
quadrats  examined  on  which  the  species  or  group  is  represented. 

Intolerant  hardwoods: --The  area  shaded  by  the  combination  ash, 
gum,  and  yellovz-poplar  on  plots  burned  and  grubbed  did  not  differ  radically 
from  that  of  the  control  plots.   On  plots  where  they  were  cut  only,  the 
area  shaded  increased  slightly  over  the  controls.   However,  the  change  in 
occurrence  was  striking.   Under  no  treatment  they  occurred  on  I8.8  percent 
of  the  plots,  as  contrasted  with  52.5  on  the  cut  plots.   Some  of  this  in- 
crease may  be  attributable  to  suckering  of  the  species  in  this  group. 

Miscellaneous  hardwoods: --This  group  contributed  a  small  amount  of 
shade,  and  the  changes  due  to  treatment  are  not  important. 

Tolerant,  small  hardwoods: --All  treatments  reduced  coverage  as 
well  as  frequency  of  occurrence  in  this  group,  which  contributed  a  very 
small  amount  of  shade. 
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CHANGES  IN  SHADE  LEVEL 


The  levels  of  shade  frora  both  shrubs  and  hardwoods  were  compared 
with  the  check  plots  for  each  growing  season  and  show  that  throughout  the 
course  of  the  study  the  control  had  more  high  shade  and  less  low  shade 
than  any  of  the  treatments.   The  comparison  of  shade  levels  is  more  reli- 
able when  based  on  the  first  3  years  after  treatment,  before  secondary 
invasion  of  shrubs  took  place.   The  area  of  low  and  high  level  shade  by 
treatment  and  time  after  treatment  is  given  in  table  h. 

One  year  after  treatment  the  grubbing,  burning,  and  cutting  treat- 
ment had  8.5,  10.9;  and  12.0  percent,  respectively,  of  the  area  shaded  by 
hardwood  under  h   feet,  while  the  untreated  area  had  but  7-^  percent.   At 
the  end  of  6  years  the  untreated  area  had  22.8  percent  under  low  shade, 
while  the  grubbing,  burning,  and  cutting  treatments  had  28.1,  33- 5^  and 
32.9  percent,  respectively.   All  treatments  drastically  reduced  the  high 
shade  above  the  U-foot  level.   One  year  after  cutting,  the  untreated  area 
had  8.U  percent  with  high  shade,  while  areas  treated  by  grubbing,  burning, 
or  cutting  had  0.1,  0.4,  and  I.9  percent,  respectively.   After  6  years  the 
untreated  area  had  12.1  percent  under  high  shade,  and  the  grubbing,  burning, 
and  cutting  treatments  had  7-lj»  8.4,  and  9-5  percent,  respectively. 

Reduction  of  high  shade  is  important  because  pine  grows  fastest 
when  in  full  light.   If  pine  seedlings  become  established  near  areas  of  low 
shade  they  can  often  outgrow  it  and  become  dominant  in  a  few  years. 

Table  4. --Areas  under  low  and  high  shade  levels  at  various 
periods  for  untreated  plots  and  plots  grubbed, 
burned,  and  cut 

(in  percent  of  total  plot  area) 


Shade  level  and 

Time  since 

treatment 

treatment: 

1  year 

:  2  years 

3  years  : 

6  years 

Low  (  1-k   feet) 

No  treatment 

7.4 

12.1 

10.5 

22.8 

Grubbing 

8.5 

17-3 

17.9 

23.1 

Burning 

10.9 

20.7 

15.8 

33.5 

Cutting 

12.1 

18.4 

16.4 

32.9 

High  (U  feet  plus) 

No  treatment 

8.4 

16.1 

21.0 

12.1 

Grubbing 

.1 

1.2 

3.1 

7.1 

Burning 

.4 

5.9 

13.0 

8.4 

Cutting 

1.9 

10.4 

16.7 

9.5 
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Figures  6  and  7  show  plots  at  the  time  of  treatment  and  6  years 
later  where  hardwoods  were  cut  and  root stocks  grubted  up,  and  where  hard- 
woods 2  inches  and  over  were  cut  and  the  area  broadcast  burned. 

The  need  for  hardwood  control  measures  when  establishing  pine  is 
given  in  the  following  quotation  from  Station  Paper  No.  l8,  which  reported 
the  establishment  of  the  study  (footnote  2).   "Without  cleaning,  as  in- 
dicated by  the  number  of  free  seedlings  after  5  years  of  growth,  loblolly 
pine  planted  in  openings  or  without  area  preparation  could  not  meet  a 
standard  of  600  free-growing  seedlings  per  acre.   Some  brush  or  ground 
treatment  is  necessary,  and  the  number  of  free  seedlings  appears  to  in- 
crease with  intensity  of  treatment.   Brush  cutting  alone  is  satisfactory, 
but  25  to  30  percent  more  free  seedlings  may  be  obtained  with  the  addi- 
tional treatment  in  burning  or  grubbing.   Cleaning  would  assixre  well  over 
600  free  seedlings  per  acre  in  any  treatment  class." 


SUMMARY  AND  CONCLUSIONS 


A  study  was  made  of  the  detailed  facts  concerning  the  behavior 
of  understory  hardwoods  in  the  lower  Piedmont  following  clear  cutting  of 
the  pine  overstory.   The  ground  surface  directly  shaded  by  hardwoods  and 
shrubs  nearly  doubled  during  the  first  2  years  following  clear  cutting. 
Thereafter,  growth  was  at  a  slower  rate,  and  by  the  end  of  the  third  grow- 
ing season  the  percentage  of  hardwood  coverage  approached  a  constant, 
while  shrubs  seem  to  continue  their  spread  at  a  reduced  rate. 

The  various  species  groups  differed  in  their  reaction  to  release 
through  harvest  cutting.   The  release  stimulated  the  spread  of  oak-hickory 
crowns  present  at  the  time  of  treatment,  but.  did  not  increase  occurrence 
of  this  species  group.   Shrubby  species  not  only  increased  in  coverage 
following  release  but  also  showed  tendencies  to  increase  in  frequency  and 
in  number  of  stems  after  the  third  growing  season.   The  intolerant  hard- 
woods and  the  tolerant  small  hardwoods  showed  slight  increases  in  their 
relative  importance  in  the  stand. 

Several  treatments  to  reduce  hardwoods  were  compared.   All  the 
treatments  increased  the  amount  of  low  shade  and  decreased  the  amount  of 
high  shade  as  compared  with  the  control.   The  changes  were  more  pronounced 
with  burning  or  grubbing  than  with  cutting. 

Cutting  of  all  hardwood  stems  had  no  beneficial,  lasting  effect  in 
reducing  area  shaded,  level  of  shade,  or  number  of  stems.   Hardwood  coyer 
caught  up  with  that  of  the  control  areas  almost  during  the  first  year  and 
was  much  heavier  than  that  of  the  controls  at  the  end  of  the  sixth  year. 
Cutting  of  all  hardwood  stems  had  a  tendency  to  increase  the  gum  and  yellow- 
poplar  component,  but  otherwise  had  no  effect  on  the  successional  trend. 
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Figure  o. --Llrubbing  all  the  hardwood  rootstocks  definitely  reduced  the  area  shaded 

during  the  first  3  years  and  the  shade  was  at  a  low  level  thereafter.   It 
removed  all  the  tall-growing  hardwood  species,  but  shrubs  invaded  the  area 
and  made  twice  as  much  shade  as  the  shrubs  on  the  untreated  plot.   Above, 
plot  at  the  time  grubbing  treatment  was  applied.   Below,  an  area  6  years 
after  hardwood  rootstocks  were  grubbed  up.   Note  the  absence  of  high  shade 
cover. 
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Figure  7- --Cutting  hardwood  stems  over  2  inches  d.b.h.  followed  toy  a  single  early  spring 
burn  resulted  in  a  temporary  reduction  in  total  area  shaded  and  in  the  level 
of  shade.   This  beneficial  effect  occurred  through  two  growing  seasons,  after 
which  it  disappeared.   Above,  an  area  where  hardwoods  have  been  cat  and  burned. 
Below,  6  years  after  cutting  and  burning.   Note  the  large  number  of  free- 
growing  seedlings  even  though  there  are  numerous  small  hardwoods. 
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>.n.n  •   J^^^^^g  °^  ^^^^^  t°  a  2-inch  minimum  d.b.h.,  followed  by  a  single 
burn  in  the  early  spring  resulted  in  a  temporary  reduction  of  total  shade 
cover  during  the  first  year.   Reduction  of  shade  cover  from  tree  species 
alone  was  still  evident  at  the  end  of  the  second  and  third  year  fono^ing 
treatment  but  by  the  end  of  the  sixth  year  the  area  shaded  exceeded  tha! 

;  the  control  and  continued  to  spread.   The  reduction  of  the  high  level 
of  shade  lasted  through  two  growing  seasons  following  treatment  '  Burning 
did  not  significantly  change  the  successional  trend,  although  it  increased 
the  Shrubby  representation.   As  a  silvicultural  tooi  for  pi^e  culture 
plots!    ^^^^^^^^^1  ^^f^^t  ^^t-nded  through  two  growing  seasons  on  tiese 

Grubbing  of  the  hardwood  root  stocks  reduced  total  shade  coverage 

yea'r'"  t  also^had  "'1'^"'"  ''^  '^^^'"^"^  ''''''   ^^^^^  ^^--gh  ^h^^Sh 
year   It  also  had  a  lasting  effect  on  lowering  the  level  of  shade   The 

treatment  influenced  the  species  composition  more  than  any  other  treatment 

by  reducing  the  small,  tolerant  hardwood  and  the  oak-hickory  association 

However,  on  the  grubbed  plots  the  shruo  cover  became  double\hat  of  the 

,,,,,^  ^""^  applied  aspects  of  this  study  were  discussed  in  an  earlier 
ontrol  ^re^tm^r  '""T''   '^'  "''^'  '^^^^^^^^  ^^^  ^^^-^  °^  ^^e  ha'dwood 
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FOREWORD 


Forest  genetics  at  the  Lake  City,    Florida,    Research  Center  is 
financed  jointly  by  the  Florida  Board  of  Forestry  and  the  U.   S.   Forest 
Service.     Another  cooperative  agreement  with  the  University  of  Florida's 
School  of  Forestry  provides  for  the  exchange  of  technical  information  on  the 
project  and  joint  use  of  facilities. 

Initially  this  research  program  was  concentrated  on  the  inheritance 
of  gum  production,    a  field  in  which  the  basic  relationships  have  now  been 
determined  and  one  in  which  this  project  will  continue  to  provide  leader- 
ship.    Turpentining,   however,   no  longer  is  the  major  end  product  of  slash 
and  longleaf  pine  in  this  region.     Naval  stores  now  is  being  integrated 
with  other  forest  use.     Therefore,   the  improvement  of  growth  rate,    quality, 
and  resistance  to  disease  and  insects  must  also  be  considered.     It  has 
already  been  determined  that  gum  yield  is  correlated  with  growth  rate. 
Thus,    primary  emphasis  is  being  given  now  to  improvement  of  growth  and 
quality,    with  gum  yield  as  a  secondary  objective. 

The  Lake  City  Tree  Improvement  Project  complements  correlated 
research  in  other  southern  research  centers,   i.  e.  ,   the  fundamental  south- 
wide  studies  at  the  Southern  Institute  of  Forest  Genetics,    Gulfport, 
Mississippi;  the  applied  aspects  of  tree  selection  and  breeding  being 
undertaken  cooperatively  by  the  State  of  Georgia  and  the  Southeastern 
Forest  Experiment  Station  at  Macon  and  the  University  of  Georgia  School 
of  Forestry  at  Athens,    Georgia;  the  educational  and  research  program  in 
Forest  Genetics  at  the  School  of  Forestry,    University  of  Florida,   Gaines- 
ville,   Florida;  the  research  and  educational  program  in  Forest  Genetics 
of  the  Texas  Forest  Service,    College  Station,    Texas;  and  related  projects 
at  Crossett,   Arkansas,    and  elsewhere  in  the  South. 

The  first  efforts  in  forest  genetics  at  Lake  City  were  begun  by 
V.    L.   Harper  as  early  as  1929.     In  1935-1936  T.    A.    Liefeld  established 
the  first  gum  inheritance  tests.     The  present  program  was  initiated  in 
1941  by  H.    L.    Mitchell;  field  work  was  started  in  1942  by  Albert  G. 
Snow,    Jr.  ,   Keith  W.    Dorman,    and  C.    S.    Schopmeyer.     It  was  carried  on 
during  the  period   1943-1948  by  Keith  W.    Dorman,    and  continued  by 
A.    A.    Downs  until  placed  on  a  maintenance  basis  for  lack  of  funds  in   1949. 
Two  year-s  later  T.    O.    Perry  spent  a  few  months  on  the  project  before 


accepting  a  formal  appointment  at  the  University  of  Florida.     In  1952 
Frangois  Mergen  began  an  intensive  study  of  vegetative  propagation  while 
reactivating  all  previous  studies  and  initiating  needed  additional  studies, 
with  the  assistance  of  Pieter  E.    Hoekstra,   Wm.   H.    Davis  McGregor, 
Elwood  E.   Miles,    Johnnie  K.    Dobson,    Jr.  ,    Doris  Ray,    and  Lillian 
Gemmer.     The  project  now  is  under  the  general  supervision  of  Research 
Center  Leader  Kenneth  B.    Pomeroy,    Mergen  having  accepted  a  research- 
teaching  professorship  in  forest  genetics  in  October  1954  at  Yale 
University,    New  Haven,    Conn. 

The  authors  gratefully  acknowledge  the  contributions  of  all  their 
predecessors  and  associates.     Special  recognition  is  extended  to  J.    W. 
Duffield,    Forester,   Forest  Industries  Tree  Nursery,    Nisqually, 
Washington;  J.   W.   Wright,   Geneticist,    Northeastern  Forest  Experiment 
Station,    c/o  Morris  Arboretum,    Chestnut  Hill,    Pennsylvania;  Bruce 
Zobel,   Silviculturist,    Texas  Forest  Service,   Forest  Genetics  Laboratory, 
College  Station,    Texas;  and  C.   E.   Ostrom,    Chief,    Division  of  Forest 
Management,   Southeastern  Forest  Experiment  Station,   Asheville,   North 
Carolina,   for  their  helpful  suggestions  during  technical  review  of  this 
project  analysis. 
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Director 
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TREE  IMPROVEMENT  RESEARCH  AT  THE 
LAKE  CITY,    FLORIDA,    RESEARCH  CENTER 

A  PROJECT  ANALYSIS 

By 
Frangois  Mergen  and  Kenneth  B.   Pomeroy 

INTRODUCTION 


The  expanding  economy  of  the  Coastal  Plain  Region  of  Florida  and 
Georgia  received  much  of  its  initial  impetus  from  the  turpentining  and 
lumbering  of  virgin  slash  and  longleaf  pine  forests.     This  virgin  resource 
was  finally  depleted  and  for  the  past  three  decades  most  of  the  gum  and 
lumber  has  come  from  second-growth  stands.     The  new  trees,   being 
younger  and  smaller,   produced  less  gum  and  poorer  quality  lumber. 
Consequently,   there  has  been  a  gradual  decline  of  the  gum  naval  stores 
and  lumbering  industries  since  1929. 

During  the  same  period,   the  pulp  and  paper  industry  became 
established  in  the  Coastal  Plain  region  and  year  by  year  made  increasing 
use  of  the  young  second-growth  forests.     This  expansion,   by  offsetting 
the  decline  in  the  older  industries,   has  enabled  forestry  to  maintain  its 
place  in  the  regional  economy.     However,   this  is  not  sufficient.     An 
appraisal  of  current  trends  and  future  needs  indicated  that  resoui-ces 
used  by  forest  industries  should  be  improved  as  much  as  possible.    This 
conclusion  is  supported  by  Stefan  H.    Robock's  analysis  (40^)  of  "industrial- 
ization and  Economic  Progress  in  the  Southeast.  "    Exerpts  from  this 
report  follow:     "Over  the  period  1939  to  1947  more  than  550,  000  produc- 
tion workers  were  added  to  the  labor  force  in  the  Southeast,    a  gain  of 
46  percent.     The  most  important  sources  of  new  factory  jobs  were: 
(1)  Lumber  and  products  (excluding  furniture),   (2)  textiles,   (3)  food  and 
kindred  products,    (4)  chemicals,    and  (5)  apparel.     In  1952  manufacturing 
employment  in  the  Southeast  was  about  10  percent  above  the  relatively 
high   1947  level.    During  the   1947-1952  expansion  period  the  paper  industr-y 
replaced  lumber  products  in  providing  the  largest  number  of  new  jobs. 
The  forest  resource  alone  accounted  for  one  out  of  four  new  factory  jobs 
established  in  the  Southeast.  " 

Increased  factory  employment  is  the  inost  effective  means  of  in- 
creasing the  general  level  of  welfare  in  the  region.     The  rapid  inci-ease 
in  the  Southeast  per  capita  income  (still  below  the  National  average)  has 
been  largely  due  to  the  region's  shift  from  a  predominantly  agricultural 
area  to  an  expanding  industrial  region.     From  1929  to  1952,   factory  jobs 


in  the  Southeast  expanded  by  74  percent,    whereas  farm  employment  de- 
clined by  43  percent.   In  terms  of  future  possibilities  the  opportunities 
in  manufacturing  appear  to  be  even  greater  than  in  farming. 

During  the  decade  1940  to  1950,    814,  000  workers  left  agriculture, 
there  were  2,  070,  000  new  entrants  in  the  labor  inarket,    and  767,  000  un- 
employed found  work,    or  a  total  of  3,  651,  000  individuals.    These  workers 
were  distributed  as  follows;  2,  500,  000  entered  new  nonfarm  jobs,    the 
armed  forces  expanded  by  246, 000  persons,    and  905,  000  workers 
migrated  out  of  the  region. 

Anticipated  growth  in  population  during  the  1950  to  1960  decade  will 
cause  an  increase  in  the  labor  force  of  approximately  2.  3  million  in  the 
Southeast.     The  movement  out  of  agriculture  can  probably  make  another 
600,  000  workers  available  for  nonfarm  jobs.     Thus,    almost  3  million  new 
nonfarm  jobs  will  be  required  by  1960.     With  more  available  workers  and 
more  population  in  the  region,    large  numbers  of  new  jobs  will  be  needed 
to  maintain  the  present  level  of  per  capita  income. 

How  will  the  forest  industries  meet  their  share  of  the  economic  load 
in  future  years?    Will  it  be  through  depletion  as  during  the  period  of  initial 
exploitation,    or  can  the  forest  resource  be  increased  to  keep  pace  with 
additional  demand? 

At  present,   net  growth  and  drain  of  all  tree  species  are  approximately 
in  balance  in  the  Georgia-Florida  Coastal  Plain.   But  there  are  some  severe 
internal  stresses.    Large  sawtimber-size  trees  required  for  the  manufacture 
of  quality  lumber  are  disappearing  rapidly.     And  inferior  hardwood  species, 
particularly  scrub  oaks,    are  claiming  much  land  that  formerly  supported 
pine  forests.     Nevertheless,    much,    but  not  all  of  the  increasing  need  can 
be  met  through  better  utilization  of  low-value  species,    improved  stocking 
of  present  stands,    reforestation  of  denuded  areas,    control  of  noncommercial 
weed  species,    and  fire  protection. 

These  intensive  practices  have  a  predictable  maximum  effect  in 
raising  the  available  volume  of  forest  products  per  acre.     To  go  beyond 
this  limit,    it  will  be  necessary  to  increase  the  inherent  ability  of  trees  to 
yield  more  oleoresin,    more  cellulose  per  unit  volume  of  wood,    or  a  better 
quality  product.     These  and  kindr-ed  objectives  are  the  ultimate  goal  of  the 
Tree  Improvement  Program  of  the  Lake  City  Research  Center. 


SCOPE 

Major  emphasis  in  the  Ti^ee  Improvement  Program  will  be  given  to 
development  of  faster  growing,    better  quality,    higher  yielding,    disease 
and  insect  resistant  slash  and  longleaf  pines  in  the  Coastal  Plain  of 
Georgia  and  Florida. 

Although  the  objectives  are  to  solve  problems  within  this  area,    the 
results  will  be  of  regionwide,    nationwide,    and  of  profession-wide  value 
and  interest.     The  fundamental  findings  will  be  particularly  useful. 

In  the  subregion  Florida  and  South  Georgia,    commercial  forests 
occupy  32,  135,  400  acres,    or  63  percent  of  the  total  land  area  (table  1, 
appendix).     Slash  and  longleaf  pine  types  make  up  60  percent  of  the 
forests,    (table  2)  while  another  7  percent  should  be  in  pine  but  is  now 
covered  with  worthless  scrub  oak. 

These  slash-longleaf  pine  forests  support  93  percent  of  America's 
gum  naval  stores  industry  (tables  3  and  4)  and  in  addition  furnish  the  major 
source  of  other  forest  income  within  the  Coastal  Plain.     For  example,    in 
1948  pine  provided  78  percent,    hardwood  12  percent,    and  cypress   10  per- 
cent of  the  commodity  drain  in  Florida  (21).  Pulpwood  accounted  for  34 
percent  and  saw  logs  31  percent  of  the  total  cubic  volume  harvested. 
Veneer  bolts,    poles,    cooperage  bolts,    and  piling,    ranked  in  order  of  im- 
portance,   together  made  up  another    7  percent  of  the  total  cut.     The 
remaining  volume  was  used  for  chemical  wood,   fuel  wood,    hewn  ties, 
posts  and  other  products  of  little  concern  in  a  tree  improvement  program. 

Statistics  for  Florida  and  Georgia  indicate  a  total  income  from 
forestry  of  nearly  one  billion  dollars.-'   This  figure  represents  the  whole- 
sale manufactured  value  of  all  products.     Pulpwood  accounted  for  67 
percent  and  lumber  15  percent  of  the  total.     The  pulp  and  paper  industry 
in  the  United  States  is  the  fifth  largest  and  third  fastest  growing  industry. 
However,    the  stumpage  value  of  sawtimber  exceeded  that  of  pulpwood  by 
a  r-atio  of  approximately  2  to  I. 

Estimates  of  the  sources  of  forest  income  in  Florida  and  Georgia 
(table  5)  indicate  that  efforts  to  improve  slash  and  longleaf  pines  should 
be  direc'ted,    first,    toward  better  quality  and  more  rapid  growth  of  trees 
to  be  utilized  by  the  lumber-ing  and  pulpwood  industries,    and  second,    to- 
ward improvement  of  gunn  yield  for  the  naval  stores  industry.     The  veneer, 
pole,    and  piling  industries  likewise  will  benefit  indirectly  from  efforts  to 
impi-ove  trees  for  sawtimber  and  pulpwood. 


j7    News  releases  of  Florida  Forest  Sei-vice  and  Georgia  Forestry 
Commission. 


DISCUSSION  OF  THE  MAJOR  PROBLEMS 

Production  of  seedlings  with  superior  qualities  is  the  most  important 
problem  and  the  one  likely  to  yield  the  greatest  return.     Nearly  eight 
million  acres,   or  30  percent  of  the  area  suitable  for  pine,   is  in  need  of 
planting  (table  6).     In  addition  many  acres  of  partially  stocked  pole-size 
stands  will  be  clear  cut  and  replanted  to  more  desirable  species  in  order 
to  bring  these  areas  into  full  production  (table  7).     Plantations  established 
within  the  region  considered  in  this  problem  analysis  cover  about  700,  000 
acres  (_41).    The  all-time  peak  in  seedling  production  was  reached  in  1953 

with  73,  000,  000  in  the  Florida  State  nurseries,-    93,  000,  000  in  the  Georgia 

3/ 
State  nurseries,—'   and  perhaps  another  30,  000,  000  in  private  nurseries. 

Less  than  1  percent  of  those  planted  in  the  Coastal  Plain  were  longleaf 
pine.     Some  loblolly  pines  were  planted  in  Georgia  but  slash  pine  has  been 
the  predominant  species.     Unfortunately,    most  of  the  seedlings  planted  to 
date  have  been  of  ordinary,    and  sometimes  inferior  parentage.     Foresters 
in  both  States  recognize  this  deficiency  and  are  taking  steps  to  improve  the 
quality  of  stock  for  future  plantations.     Present  estimates  indicate  a  re- 
forestation program  of  about  150,  000  acres  annually  for  the  next  decade 
within  the  slash-longleaf  pine  belt  of  Florida  and  Georgia. 

Development  of  better  genetic  seedlings  involves  several  inter- 
mediate stages: 

1.  Identification  of  the  best  racial  strains.  .    -i.. 

2.  Location  of  the  best  stands,    and  establishment  of  seed  ,-    , 
production  areas. 

3.  Better  seed  collection  practices,   i.  e.  ,    seed  from  better 
phenotypes. 

4.  Finding  individual  parents  of  superior  attributes. 

a.  Rapid  growth  rate.  - 

b.  Early  juvenile  growth  of  longleaf  pines. 

c.  Resistance  of  longleaf  pines  to  brown  spot  disease. 

d.  Resistance  of  slash  pine  to  fusiform  rust. 

e.  Good  form,    straight  grain,   high  density. 

f.  Development  of  hybrids  for  special  purposes. 

5.  Establishment  of  seed  orchards  for  the  production  of  improved 
strains  of  seedlings. 

6.  Development  of  criteria  for  selecting  the  best  seed  trees  in 
stands  to  be  regenerated  naturally. 

7.  Improve  the  yield  of  oleoresin  from  living  pines. 


2l  Personal  communication  from  C.   H.    Coulter,    1954. 
^/  Personal  communication  from  Guyton  DeLoach,    1954. 
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For  the  time  being  and  perhaps  for  many  decades  to  come,    inost 
harvested  stands  will  be  regenerated  naturally.     Past  turpentining  and 
logging  practices  have  been  conducive  to  stand  degradation,    as  economic 
incentives  have  always  resulted  in  utilizing  the  largest  and  best  quality 
trees  first. 

Coupled  with  this  lowering  of  growth  rate,    quality,    and  yield,    is  a 
failure  of  some  timber  types  to  regenerate  adequately.     Of  course,    care- 
lessness with  fire  and  poor  cutting  practices  have  an  important  effect  on 
the  establishment  of  seedlings,   but  table  8  indicates  that  the  problem  of 
natural  regeneration  may  be  more  complex.     This  tabulation  indicates 
that  on  the  average  whenever  a  southeast  Georgia  landowner  harvested 
100  acres  of  pine  or  upland  hardwood  timber,    86  acres  have  restocked 
naturally  and  only  14  acres  needed  to  be  planted.     But  in  northeast 
Florida  only  56  acres  would  restock  naturally,    and  in  south  Florida  only 
27  acres.     Is  this  striking  difference  due  to  site,    climate,   fruitfulness 
of  seed  trees,    viability  of  seed,    seed  losses  to  insects,   disease,   or 
rodents,    or  perhaps  some  combination  of  all  factors? 

As  for  improving  oleoresin  yield,    in  bygone  days  of  cheap  labor 
and  AArgin  timber  one  man  could  chip  10,  000  faces  each  week  and  produce 
300  barrels  or  more  of  gum  per  year  with  the  aid  of  dippers  and  other 
woods  laborers.     Today  a  good  worker  can  still  chip  a  crop  if  he  uses 
bark  chipping  and  acid  treatment  on  a  14-day  schedule,   but  the  average 
yield  had  declined  to  192  barrels  per  crop.     Smaller  trees  and  fewer 
faces  per  acre  account  for  the  decline.     In  contrast,    agricultural  workers 
have  increased  their  productivity  two  or  three  fold  in  the  past  two  decades 
with  the  aid  of  new  mechanical  devices,    improved  cultural  techniques, 
and  better  strains  of  cultivated  plants.    Workers  in  forest  industries  other 
than  turpentining  also  have  increased  their  output  per  man-day  of  labor. 
Consequently,   the  gum  producer  has  been  forced  to  raise  wages  without 
securing  a  corresponding  increase  in  productivity.     These  high  production 
costs,    coupled  with  unstable  markets  and  severe  competition  from  sub- 
stitute products,   have  reduced  the  gum  naval  stores  industry  to  one-third 
of  its  predepression  size. 

While  the  gum  naval  stores  industry  currently  is  at  a  low  ebb,    an 
analysis  by  Schopmeyer  (4^)  indicated  that  future  production  of  rosin  from 
stumps  and  as  a  by-product  of  the  sulfate  pulp  industry  cannot  supply  the 
total  domestic  and  export  market.     Consequently,    there  will  be  a  con- 
tinuing need  for  gum  rosin,    and  rosin  constitutes  nearly  80  percent  of  the 
dollar  value  of  the  naval  stores  industry. 

In  order  to  take  advantage  of  the  potential  market,    gum  producers 
must  increase  the  productivity  of  their  laborers,    and  this  can  best  be 
accomplished  by  increasing  the  yield  of  gum  per  tree.     The  yield  level 
of  virgin  timber  can  be  regained  by  growing  present  stands  to  larger 
size  before  turpentining.     This  will  afford  some  relief  but  still  does  not 
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enable  turpentiners  to  match  the  increased  output  per  man-day  in  other 
industries.     Nor  is  there  any  prospect  that  some  new  technique  will  greatly 
increase  the  gum  yield  of  wild  stands.     But  it  may  be  possible  to  grow 
cultivated  stands  in  which  each  tree  will  yield  several  times  more  gum  than 
the  average  forest  tree  of  similar  size  (8).     A  yield  increase  from  a  200- 
barrel  average  to  400  barrels  per  crop  would  save  about  6  man-hours 
production  labor  per  barrel.     At  $0.  80  per  hour,    the  rate  being  earned  in 
the  Olustee  Farm  woodland  study,    such  a  labor  saving  would  be  worth 
$4,  800,  000  annually  to  an  industry  producing  1,  000,  000  barrels  of  crude 
gum  each  year. 

In  developing  the  gum  yield  objective  it  will  also  be  necessary  to  in- 
clude rate  of  growth,    quality,    disease,    and  insect  resistance  so  that  naval 
stores  pines  may  ultimately  be  used  for  other  forest  products  as  well. 


REVIEW  OF  PAST  AND  CURRENT  WORK 

IDENTIFICATION  OF  GEOGRAPHIC  STRAINS  IN  SOUTHERN  PINES 

A  knowledge  of  those  variations  in  a  tree  species  which  are  determined 
by  provenience  or  source  of  collection,   helps  to  define  the  area  which  can 
benefit  directly  from  a  forest  tree  improvement  program.   Failure  to  utilize 
the  information  on  racial  strains  in  planting  or  breeding  programs  can  cause 
significant  losses.     Results  from  a  preliminary  study  by  Wakeley  (47)  with 
loblolly  pine  illustrated  the  financial  losses  brought  about  by  planting  trees 
ill-adapted  to  a  particular  area.     This  stimulated  a  South-wide  cooperative 
seed  source  study  of  loblolly  pine,    longleaf  pine,    shortleaf  pine,    and  slash 
pine  by  the  Committee  on  Southern  Forest  Tree  Improvement.     The  task 
is  being  directed  and  coordinated  by  Wakeley  (46).   One  of  the  outplantings 
of  the  slash  pine  seed  sources  is  located  in  Baker  County,    Florida  (G-20). 
The  analysis  of  height  measurements  of  the  2 -year-old  seedlings  showed 
that  the  seedlings  grown  from  seed  collected  in  Polk  County,    Florida,    were 
significantly  shorter  than  those  from  any  other  seed  source  (2^).     The 
Cooperative  Study  was  able  to  consider  only  6  collection  points  for  slash 
pine  because  of  the  wide  scope  of  these  studies  and  the  extent  of  the  natural 
range  of  slash  pine.     Consequently,    several  of  the  collection  points  are 
located  along  the  extremities  of  the  range.     This  study  will  tell  whether 
or  not  distinct  geographic  races  are  present  within  the  slash  pine  species. 
In  order  to  complement  this  investigation  and  to  prepare  precise  maps  with 
collection  zones  for  the  States  of  Florida,    Georgia,    and  the  southeastern 
part  of  Alabama,    an  expanded  seed  source  study  was  undertaken  by  the 
Lake  City,   Florida,    Research  Center  (2^).  With  this  objective  in  mind, 
collections  were  made  within  the  principal  commercial  part  of  the  natural 
range  of  north  Florida  slash  pine  (G-7).4/ 


4/    Letter  and  number  indicate  study  designation  of  the  Lake  City  Species 
Improvement  Program.     Details  of  studies  can  be  found  in  the  Appendix. 
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NURSERY     BED 
SELECTION 


PLANTING 


PLANTING 


PROGENY 


TESTING 


^  SEED   ORCHARDS 


STATUS  FALL  1954 
WORK  IN  PROGRESS 
WORK  NOT  STARTED 


IMPROVED   STRAINS 

Figure  1.  --Progress  from  present  species  to  improved  strains  of  forest  trees 
can  follow  several  avenues  of  research.     Few  shortcuts  are  possible  as  progeny 
testing  is  necessary,   but  a  balanced  program  along  all  promising  lines  offers 
the  greatest  opportunity  for  early  success.     The  approaches  being  followed  in 
Tree  Improvement  at  Lake  City  are  shown  in  the  above  diagrammatic  outline. 
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DIAMETER      BREAST     HIGH 
Figure  2.  --Diameter  distributions  in  a  natural  even-aged  slash  pine  stand  on 
a  good  site.     The  diameter  frequency  before  cutting  is  shown  by  the  solid  line 
and  after  cutting  by  the  hatched  area.     Undesirable  and  slow-growing  trees 
were  removed,    leaving  the  best  and  most  vigorous  trees  to  develop  into  large- 
crowned  seed  producers. 
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The  objectives  of  the  study  are: 

1.  To  test  the  hypothesis  that  distinct  rates  of  germination  are 
associated  with  different  pi-oveniences. 

2.  To  test  the  hypothesis  that  clinal  changes  in  growth  habit  in 
north  Florida  slash  pine  are  associated  with  different  proveniences. 
Results  on  seed  yield  and  germination  of  seed  showed  that  differences 
in  these  two  characteristics  were  associated  with  different  collection 
points. 

A  small  outplanting  with  longleaf  pine  seedlings  from  six  geographic 
sources  was  established  during  the  winter  of  1953-1954.     The  seedlings 
were  those  left  over  from  a  "Series"  of  the  Cooperative  Study  and  only 
60  seedlings  per  provenience  were  available  for  outplanting  (G-15). 

There  are  no  complete  outplantings  for  either  longleaf,    loblolly,   or 
shortleaf  pine  of  the  Cooperative  Study  in  the  Lake  City,   Florida  area. 

Sometimes  distinct  tree  races  are  associated  with  different  soil 
types.     To  investigate  this  possibility  for  slash  pine,    seed  from  a  wet 
site  and  a  dry  site  respectively  were  collected.     The  resulting  seedlings 
have  been  outplanted  on  dry  and  wet  sites  in  both  north  and  south  Florida. 
Additional  outplantings  were  made  in  several  locations  in  Texas  (G-2). 
Results  from  the  study  should  indicate  whether  or  not  two  distinct 
ecotypes  in  slash  pine  are  associated  with  a  wet  and  a  dry  site. 


STAND  SELECTION 

Stands  that  appear  to  be  outstanding  have  been  selected  within  the 
geographic  limits  of  existing  races  or  main  clinal  distributions  to 
furnish  seed  for  replanting  programs.     On  the  Westvaco  Experimental 
Forest  this  approach  has  been  used  since  1949  to  supply  their  seed  needs 
(12).     Suggestions  for  converting  the  best  natural  stands  of  slash  pine 
into  seed-producing  areas  were  prepared  by  Mergen  and  Pomeroy  (31). 
One  advantage  of  this  method  is  that  seedlings  of  local  origin  become 
available,   and  further  degradation  of  the  planting  stock  is  prevented. 
Also  some  genetic  improvement  by  stand  selection  should  result.    Slash 
pine  seed-production  areas  have  been  established  by  pulpwood  companies 
and  on  several  of  the  National  Forests  in  Florida.     An  86-acre  plantation 
with  slash  pine  of  local  seed  source  was  converted  into  a  seed-production 
area  by  foresters  of  the  National  Container  Company  in  order  to  fill  their 
annual  need  of  2000  bushels  of  cones  (39). 

Managing  these  seed  production  areas  efficiently  will  present 
several  problems,    as  there  is  scant  knowledge  of  the  physiology  of 
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Figure  3.  --There  is  a  wide  range  in  natural  variation  in  1-0  slash  pine  seedlings 
as  illustrated  in  the  above  photograph. 
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flowering  in  pine  trees,   the  protection  of  cones  against  disease  and  insects, 
and  on  the  collection  of  cones.     Wenger  (48,  _49)  reported  some  beneficial 
effects  on  cone  supply  by  releasing  and  fertilizing  loblolly  pine  trees  in  the 
25-year-age  class.     Gemmer  (14)  showed  that  fertilizing  and  irrigating 
longleaf  pine  trees  increased  cone  production.     Allen  (J^)  reported  similar 
benefits  after  he  fertilized  longleaf  pine  trees. 

No  published  results  of  seed  stimulation  studies  with  slash  pine  are 
available  but  seed  trapping  on  the  Olustee  Experimental  Forest  indicates 
a  similar  response  to  release.     During  the  spring  of  1954,    an  experiment 
was  installed  in  a  seed  production  area  to  observe  the  effect  of  fertilizer 
treatment  and  mechanical  injury  on  the  production  of  female  and  male 
flowers  in  slash  pine.—     Two  types  of  fertilizer,    applied  at  two  levels  were 
used  along  with  an  injury  treatment  of  the  stem  (G-10). 

In  loblolly  pine,   insects  are  responsible  for  a  great  loss  of  seed  (37). 
Information  is  urgently  needed  on  how  to  protect  the  flowers  and  cones  of 
forest  trees  from  insects  and  diseases.     By  spraying  the  flowers  or  cones 
at  opportune  times,   it  should  be  possible  to  curtail  some  losses.     A  slash 
pine  cone  protection  study  in  which  insecticidal  sprays  were  applied  to  the 
formative  cones  at  various  stages  was  started  with  the  cooperation  of  the 
Division  of  Entomology  (G-17). 

The  studies  of  flower  stimulation  and  cone  protection  should  help  to 
prepare  a  guide  for  the  management  of  seed-production  areas.     By  keeping 
records  on  the  performance  of  the  seed  from  various  cone-collection  areas 
through  all  stages  of  extraction,    cleaning,   nursery  sowing,    and  outplanting 
of  the  young  seedlings,   the  true  capabilities  of  the  provenience  stands  can 
be  estimated.     Superior  stands  can  then  be  certified  according  to  their 
capabilities,    and  mediocre  or  unproductive  stands  can  be  eliminated. 
Information  of  this  type,    along  with  results  of  geographic  seed  source 
studies,   will  be  very  useful. 


INDIVIDUAL  TREE  SELECTION 

The  improvement  of  forest  stands  by  the  application  of  genetic 
principles  is  based  on  the  selection  of  good  breeding  material.     Selection 
has  its  place  in  forest  genetics  programs  even  when  large-scale  hybridi- 
zation programs  are  planned.     The  selected  trees  should  form  the  breeding 
stock  for  the  trees  of  improved  characteristics. 


5/    Stimulation  of  seed  production  on  20-year-old  slash  pines.     Southeast. 
Forest  Expt.   Sta.   Working  Plan.    10  pp.      1954. 
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Figure  4.  --Three  types  of  slash  pine  cones  occur  in  the  Lake  City,    Florida 
area.     The  cones  in  the  upper  row  have  a  rough  appearance  as  a  result  of  thick 
scales  armed  with  stout  incurved  spines.     The  seed  from  this  type  of  cone  has 
also  a  rough  coat.     The  cones  in  the  center  row,    are  ovoid-conical,    with  flat 
scales  ending  in  minute  prickles.     The  cones  in  the  lower  row  are  long  ovoid 
with  smooth  scales.     The  seed  in  the  last  two  types  have  smooth  seed  coats. 
Each  set  of  cones  comes  from  a  different  tree.     These  trees  had  the  same  type 
of  cones  during  three  consecutive  years,    indicating  that  a  particular  type  of 
cone  is  a  distinct  character  of  an  individual  slash  pine  tree.     Cones  of  the 
"rough"  type  persist  on  the  trees  for  longer  periods  after  ripening  than  those  of 
the  other  types.     Lines  on  grid  are  at  1-inch  intervals. 
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Forest  genetics  is  based  on  two  biological  principles  which  at  first 
glance  appear  diametrically  opposed,   namely:    (1)  the  presence  of  variation, 
and  (2)  the  inheritance  of  genes  which  determine  characters.     Heredity  is  a 
conservative  phenomenon  and  it  is  the  tendency  of  the  offspring  to  resemble 
their  parents.     Variation,   on  the  other  hand,   is  the  tendency  of  the  progeny 
to  differ  from  their  parents.     The  external  and  internal  differences  which 
exist  between  the  individuals  of  a  species  can  be  divided  into  two  main 
groups.     In  the  first  group  we  havfe  the  modifications  which  are  not  inheri- 
ted and  which  resulted  from  specific  environmental  or  external  factors  to 
which  an  individual  was  exposed.     In  the  second  group  we  have  the  varia- 
tions which  are  heritable.     These  differences  resulted  through  mutation  or 
through  crossing  (hybridizing)  of  two  different  species  or  varieties.    These 
variations  combine  in  various  ways  and  thereby  give  rise  to  individuals 
which  are  sometimes  unlike  either  of  the  parents.     Without  the  inheritable 
variations  in  our  forest  trees,   improvement  by  selection  would  not  be 
possible.     In  our  forest  trees,   however,   there  are  differences  in  such 
attributes  as  growth  rate,   form,   oleoresin  yield,    strength,    crown  shape, 
needle  length,    and  many  others. 

Sometimes  it  is  difficult  to  assess  these  differences,   especially 
when  the  trees  being  compared  are  not  growing  next  to  each  other.   Also, 
when  the  changes  in  form  or  growth  rate  are  gradual,    e.  g. ,   in  uneven- 
aged  stands,   the  existing  differences  are  not  so  striking.     These  natural 
variations  form  the  foundation  of  a  forest  tree  improvement  program 
which  is  based  on  the  principals  of  genetics.     However,   not  all  the 
variations  between  trees  are  inheritable.     Some  have  been  brought  about 
by  present  or  past  environmental  conditions.     As  we  see  a  tree  in  a 
forest,   its  phenotype  is  the  visible  result  of  the  interaction  between  the 
genetic  factors  of  the  tree  and  the  conditions  of  the  environment. 

Pauley  has  discussed  the  scope  and  terminology  of  genetics  as 
applied  to  forestry  (36). 

The  genotype  of  the  trees  selected  on  the  basis  of  their  phenotypic 
characters  must  be  assessed  to  determine  whether  or  not  the  selections 
were  superior  because  of  their  genetic  make-up,    or  because  of  favorable 
growing  conditions.   Once  outstanding  trees  have  been  located  and  thoroughly 
tested,    they  are  used  as  breeding  stock  to  supply  seed  of  superior  quality. 

Selecting  longleaf  pines  with  an  early  juvenile  growth.  --The  wide 
spread  in  time,   up  to  20  years,    during  which  longleaf  pine  seedlings, 
growing  under  similar  environmental  conditions,    emerge  out  of  the  grass 
stage  suggests  that  genetic  factors  are  of  significance.     It  is  important  to 
find  trees  without  a  prolonged  grass  stage  in  order  to  study  the  genetic 
factors  which  control  early  height  growth.     We  have  no  knowledge  to  guide 
our  selections  in  mature  stands  toward  parent  trees  which  started  height 
growth  without  delay.     Therefore,    we  have  to  restrict  our  selections  to 
natural  stands  or  plantations  where  the  past  history  is  known. 
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Figure  5.  --Four  types  of  protective  bags  have  been  tested  in  the  isolation  of 
female  flowers  during  controlled  pollinations.     They  are  in  a  clockwise  direction: 
kraft  paper,    canvas  bag  with  plastic  window,    polyethylene  plastic,    and  plastic 
sausage  casing.     Plastic  sausage  casings  were  found  most  satisfactory.     The 
black  tape  on  the  bags  closes  the  puncture  made  with  the  needle  of  the  pollen 
injector. 
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One  outstanding  longleaf  pine  tree  has  been  selected  in  a  plantation 
of  known  origin  where  the  trees  had  received  the  same  treatment  from 
seed  collection  through  the  nursery  phase  to  plantation  establishment (26). 
Open-pollinated  seedlings  are  being  raised  from  this  tree  to  obtain  an 
indication  of  the  possible  benefit  that  can  be  derived  from  natural  seed- 
lings obtained  from  mother  trees  of  rapid  juvenile  growth.     This  tree  was 
control  pollinated  during  the  1954  breeding  season  in  an  attempt  to  study- 
its  genotype  (G-5). 

Alabama  "Mountain"  longleaf  pine  supposedly  has  no  grass  stage,    or 
a  grass  stage  which  is  of  very  short  duration.     Foresters  of  the  Southern 
Forest  Experiment  Station  collected  seed  from  the  "Mountain"  source 
and  from  a  normal  source  for  testing.     During  1951  the  Alabama  seed- 
lings were  superior,   but  Bruce—'   felt  that  the  difference  might  be 
explained  on  the  basis  of  variation  in  nursery  density.     By  1953  there 
were  no  clearcut  results  available  from  these  studies. 

A  small  percentage  of  longleaf  pine  seedlings  add  up  to  several 
inches  of  height  growth  in  the  nursery  beds.     Most  of  these  seedlings 
have  a  stem  and  are  not  true  longleaf  pines,   but  are  Sonderegger  pines 
(Pinus  X  sondereggeri,    H.   H.    Chapman),   natural  hybrids  between  long- 
leaf  and  loblolly  pine  (6).    Some  of  these  seedlings  start  height  growth 
without  delay  but  it  is  quite  varied,   ranging  from  1/2  to  10  inches  after 
the  first-growing  season.     This  indicates  that  the  hybrids  are  not  all 
from  the  first  filial  generation  of  longleaf  x  loblolly  pine,   but  are  the 
result  of  recurrent  backcrossing  to  either  of  the  parent  species.     Some 
seedlings  without  a  true  grass  stage  possibly  are  true  longleaf  pines 
which  inherently  have  no  grass  stage.     Two  outplantings  of  400 
"longleaf"  trees  without  a  grass  stage  were  established  during  the 
1953-1954  planting  season  (G-3).    The  planting  stock  was  selected  from 
nursery  beds  of  the  Florida  Forest  Service  Nursery  at  Olustee,  Florida. 
Both  of  these  outplantings  are  located  on  "tough"  sites  and  the  relative 
growth  of  these  Sonderegger  pine  seedlings  is  being  compared  with  that 
of  slash,   ordinary  longleaf,    and  loblolly  pines.     Survival  of  the  selected 
longleaf  pines  after  the  first  summer  in  the  field  compared  favorably 
with  that  of  the  other  three  species.     It  was  79  percent  as  compared  to 
83  percent  for  longleaf,    74  percent  for  loblolly,   and  87  percent  for  slash. 

Sherry  (44)  from  South  Africa  selected  outstanding  longleaf  pine 
seedlings  in  the  nursery  beds.     After  5  years  in  a  plantation,   the 
vigorous  seedlings  had  a  larger  d.b.h.,    were  taller,    and  had  survived 
better.     He  was  fully  cognizant  of  the  possibility  that  these  seedlings 
might  be  Sonderegger  pines  and  scored  them  according  to  their  degree  of 
hybridity.     He  tabulated  29  percent  as  apparently  normal  longleaf  pines. 
Of  these,   seven  trees  were  as  vigorous  as  the  Sonderegger  pines  and  he 
planned  on  using  some  of  these  superior  seedlings  for  future  breeding  work. 


6/    Personal  coramuni cation  from  David  Bruce,    1953. 
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Figure  6.  --Control  breeding  slash  pines  of  the  Fi  generation  growing  in  an 
8-year-old  progeny  testing  plantation.     A  ladder-equipped  pickup  truck  permits 
rapid  movement  from  tree  to  tree  without  damage  to  tree  crowns. 
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Selecting  for  resistance  to  disease.  --Pathologists  at  the  Southern 
Forest  Experinnent  Station  selected  thirty  2-0  longleaf  pine  seedlings  which 
were  not  attacked  by  brown  spot  in  the  nursery.     None  of  these  seedlings 
was  truly  resistant,    as  all  trees  were  infected  subsequently  (45). 

Zak  (52)  has  been  selecting  shortleaf  pine  for  resistance  to  the  little- 
leaf  disease.     He  planned  to  establish  his  selections  as  clones  in  a  seed 
orchard. 

Selection  for  form,    rapid  growth,    straight  grain  and  high  density.  -- 
Results  of  past  progeny  testing  studies  with  conifer's  indicate  the  degree  of 
benefit  to  be  gained  through  selections  from  wild  populations  ( 1_9,    2j0,    32. 
2,    44,    50).     The  results  of  these  studies  were  reviewed  in  detail  Vjy  Dornian 
(9i).    He  concluded  that  in  general  "traits  both  good  and  bad  may  be  trans- 
mitted to  some  of  the  next  generation  regardless  of  the  male  parent.  " 

During  1942,   the  Queensland  Forest  Service  selected  good  phenotypes 
and  poor  phenotypes  to  gain  information  on  the  inheritance  of  form.     These 
tests  indicated,   for  example,   that  S -bending  is  genetically  controlled  in  the 
open-pollinated  progeny.     Seventy-eight  percent  of  the  progenies  in  three 
successive  years'  planting  showed  a  defect  similar  to  that  in  the  mother 
tree  (2^).    In  Florida,    a  tally  of  sweep  on  slash  pine  trees  in  an  8-year-old 
progeny  testing  plantation  indicated  that  the  tendency  to  form  a  sweep  in  the 
lower  12  feet  of  the  bole  is  subjected  to  strong  genetic  control  (27^).      The 
crosses  involving  a  particular  parent  which  had  a  sharp  S-bend,   had  a 
greater  than  average  percentage  of  progeny  with  sweep.     These  percentages 
were  68,    73,    and  76  when  that  particular  tree  was  used  as  female  parent. 
The  effect  was  also  pronounced  when  the  tree  was  used  as  male  parent- -69 
percent  of  trees  from  such  crosses  had  sweep. 

Selection  for  desirable  attributes  in  slash,    loblolly,   and  longleaf  has 
been  under  way  since  1950  at  the  Ida  Cason  Callaway  Foundation  (10). 
Individual  trees  with  twice  the  cubic  wood  volume  of  the  avei'age  tree  of  the 
same  age  growing  in  the  same  stand  were  located.   Total  height,    crown  form, 
limb,   size,   and  resistance  to  disease  were  also  taken  into  account.     These 
selections  have  been  used  as  parents  in  both  natural  and  controlled  crosses. 

Zobel  (5i3)    has  been  surveying  the  existing  stands  of  loblolly,   short- 
leaf,   and  longleaf  pines  in  Texas  to  locate  trees  which  have  the  best  silvical 
and  wood  characters  possible.     He  also  selected  trees  with  the  densest  and 
lightest  wood  to  study  the  role  which  genetics  plays  in  the  determination  of 
wood  density  of  loblolly  pine.     If  possible  he  will  develop  strains  of  loblolly 
pine  which  produce  wood  of  exceptionally  high  or  low  densities. 
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Figure  7.  --Plantation  of  rooted  cuttings  established  to  multiply  and  preserve 
the  germ  plasm  of  selected  slash  pine  trees.     Many  of  these  young  trees  have 
produced  both  male  and  female  flowers.     Consequently  controlled  crossing,    in- 
breeding,   and  hybridization  between  species  were  made  near  the  laboratory 
without  time-consuming  travel  to  outlying  forests. 
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Hawley—    has  selected  rapid  growing  trees  in  plantations  on  the 
George  Walton  Experimental  Forest  for  use  by  others  in  species  improve- 
ment programs.     Grafts  from  9  of  his  selections  have  l>een  established  in 
the  Olustee  area,    and  air- layers  have  been  prepared  on  the  trees  (G-6). 

An  experiment  in  progress  now  is  designed  to  study  the  genetic 
conti'ol  of  the  inheritance  of  undesirable  characters  in  slash  pine  (G-4). 
During  2  consecutive  years  natural  progeny  was  obtained  frona  deformed 
trees  and  grafts  were  established  ((i-6). 

A  general  appeal  by  the  Lake  City,   Florida  Research  Center  was 
made  to  foresters  and  people  interested  in  forestry  to  report  outstanding 
trees  for  use  in  the  forest  tree  improvement  program.     The  reports  on 
good  phenotypes  are  being  followed  up  by  careful  examination  in  the  field. 

By  developing  slash  pines  of  rapid  growth,   the  naval  stores  industry 
will  also  gciin  by  this  selection  l:)ecause  these  trees  will  reach  chipping 
size  sooner  and  larger  trees  yield  more  gum  than  smaller  trees. 

Barber  (4)  pi-epared  a  working  plan  for  "The  Selection  of  Superior 
and  Aberi-ant  Forest  Tree  Phenotypes"  to  guide  the  locating  and  catalog- 
ing of  individual  trees  on  the  Hitchiti  Expei-imental  Forest  and  on  lands 
of  local  cooperators. 

During  mass  selection  of  superior  trees  in  mature  stands,   the 
selection  work  is  restricted  to  a  limited  number  of  individuals.     By 
selecting  outstanding  seedlings  in  the  nursery  beds,    a  large  number  of 
individuals  can  be  evaluated  in  a  relatively  short  period  and  this  method 
may  lead  to  a  shortcut  in  species  improvement.     If  by  this  type  of 
selection  plantations  of  better  than  average  trees  can  be  established,   it 
might  lead  to  a  good  method  for  establishing  seed  orchards.     With  this 
objective  in  mind,    a  plantation  of  1,  000  outstanding  slash  pine  seedlings 
was  established  to  observe  the  relationship  between  rapid  juvenile 
height  growth  and  subsequent  development  (G-1). 

The  variation  in  the  nursery  beds  of  south  Florida  slash  pine 
(P.   elliottii  var.   densa)  indicates  that  there  is  a  fair  amount  of 
natural  hybridization  between  the  south  Florida  slash  and  north  Florida 
slash  pine  varieties.     Seedlings  of  both  the  typical  south  Florida,    and 
north  Florida  varieties,    along  with  seedlings  having  characteristics 
intermediate  between  those  species,   were  outplanted  to  obtain  further 
information  on  the  relationship  between  the  juvenile  and  mature  trees 
(G-16A;B). 


7/    The  selection  of  superioi-  slash  pine  trees  in  planted  stands. 
Southeast.   Forest  Expt.   Sta.   Working  Plan.      1953. 
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SEED  ORCHARD  ESTABLISHMENT 

Once  the  genetic  superiority  of  selected  trees  has  been  demonstrated, 
it  is  planned  to  establish  seed  orchards  for  the  mass  production  of  superior 
quality  seed.     The  idea  of  seed  orchards  for  forest  tree  seed  is  relatively 
new  and  was  first  proposed  by  European  foresters  during  the  period  be- 
tween 1920-1930.     In  1928,   Bates  (5^)  proposed  the  establishment  of  tree 
"seed  farms"  to  produce  forest  tree  seed  of  desirable  qualities.     Seed 
orchards  of  tested  genotypes  have  been  established  in  various  parts  of 
Europe  and  during  recent  years  a  small  number  of  plantations  have  been 
set  out  in  this  country  for  the  sole  purpose  of  producing  high  quality  seed. 
Scions  from  superior  slash  pines  have  been  grafted  onto  seedlings  in  the 
Lake  City,   Florida,    area  for  the  production  of  seed  of  superior  quality 
(G-6).     Several  research  workers  are  establishing  seed  orchards  before 
the  genotype  of  the  selections  has  been  established.     While  the  genotype 
of  the  selections  is  being  tested,   these  orchards  develop  and  will  be 
ready  to  produce  seed  once  the  superiority  of  the  selections  has  been 
determined;  grafts  proven  inferior  by  the  tests  will  be  eliminated  from 
the  orchards. 

Seed  orchards  can  be  divided  into  clonal-graft  or  rooted- cutting 
plantations,    and  seedling  plantations.     European  foresters  have  discussed 
at  great  length  the  theoretical  considerations  in  laying  out  seed  orchards 
^lA'  j^'   ^»   i-§.'   JlL'   A§.'   ^^'    From  the  discussion  of  these  authors,   the 
following  items  appear  to  apply  for  slash  and /or  longleaf  pine  seed 
plantations: 

Clonal-graft  plantations.  --The  individual  trees  of  the  various  clones 
can  be  so  spaced  that  random  cross-pollinations  between  the  various 
clones  take  place.     The  number  of  clones  in  each  outplanting  should  be 
large  enough  to  minimize  the  risks  of  inbreeding.     The  minimum  number 
of  clones  varies  with  the  recommendations  of  the  authors  and  ranges  from 
12  to  25.     Using  a  sufficiently  large  number  of  clones  increases  the  pool 
of  available  genes  for  combinations.     The  flower  phenology  of  the  various 
clones  should  be  very  similar,   otherwise  great  variations  in  pollen  supply 
can  be  expected  as  a  result  of  climatic  influences.     The  outplantings 
should  be  located  in  an  area  isolated  from  a  contaminating  pollen  source. 
This  can  be  achieved  by  planting  in  an  isolated  area,   outside  the  range  of 
the  species,   or  in  an  area  surrounded  by  trees  of  a  species  which  do  not 
flower  at  the  same  time  as  the  trees  in  the  orchard. 

Orchard  for  control  pollination.     In  this  type  of  orchard  the  flowers 
are  control  pollinated  by  standard  techniques.     The  method  has  several 
advantages,    such  as  a  reduction  in  travel  time  to  the  isolated  trees,   work 
can  be  done  from  the  "ground"  with  ladder  trucks,    and  the  progress  of 
the  flowers  can  be  closely  followed.     Also  the  trees  can  be  subjected  to 
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cultural  seed-stimulation  treatments.     As  pollen  source,    single  tree 
crosses  can  be  made,   but  polycross  methods  will  probably  be  more 
successful.     The  latter  type  should  increase  the  seed  yield  by  minimiz- 
ing possible  incompatible  combinations. 

Plantation  with  seedlings.  --This  type  of  orchard  is  established  with 
seedlings  arising  from  controlled  pollination  between  selected  trees.   By 
fertilizer  or  mechanical-injury  treatments  the  seedlings  are  stimulated 
to  flower  at  an  early  age.     In  using  chemical  stimulants  for  flower  pro- 
duction,  there  exists  a  danger  of  selecting  for  trees  which  respond  to 
that  particular  treatment.     Having  this  type  of  selection  superimposed 
on  the  original  selection  will  not  be  desirable. 

Hybrids  between  slash  and  longleaf  pine  might  possibly  be  produced 
in  this  manner  if  an  early-flowering  strain  of  longleaf  pine  could  be 
interplanted  with  a  late -flowering  strain  of  slash  pine.     Any  non-hybrid 
seedlings  can  be  detected  and  eliminated  from  the  nursery  beds. 

Seed  orchard  establishment  and  management  is  a  new  concept  in 
America,   so  no  results  on  the  various  approaches  are  known.     A  study 
in  progress  now  tests  flower  stimulation  by  chemical  and  mechanical 
treatments  in  a  6-year-old  plantation  (G-9). 


CRITERIA  FOR  SELECTING  THE  BEST  SEED 
TREES  FOR  NATURAL  REGENERATION 

At  present  adequate  natural  regeneration  is  the  most  economic  way 
to  return  an  area  to  timber  production  after  a  final  harvesting.     In  the 
Southeastern  part  of  the  United  States  it  is  the  method  most  widely  used 
at  present,    and  with  an  increase  in  the  knowledge  of  silviculture  it 
probably  will  increase  in  extent.     Some  silvicultural  systems  of  natural 
regeneration  lend  themselves  well  to  the  practice  of  sound  eugenic  forestry. 

The  methods  nnost  connmonly  used  in  this  region  can  probably  be 
classified  under  modified  shelterwood  or  seed-tree  systems.     Some  type 
of  shelterwood  system  or  seed-tree  system,   provided  the  seed-tree  cut 
is  preceded  by  improvement  cuttings  or  thinnings,    is  best  from  the  tree 
improvennent  point  of  view,    as  the  inferior  trees  are  cut  out  during 
intermediate  cutting  or  cuttings.     The  undesirable  trees  should  be 
removed  at  least  2  years  before  the  regeneration  cut  so  that  male  and 
female  parents  are  both  the  best  possible  phenotypes. 

The  criteria  by  which  to  select  the  seed  trees  for  natural  regeneration 
will  vary  with  species  and  objectives.     Dorman  (9)  has  pointed  out  the 
important  items  to  be  considered  in  selecting  superior  trees  for  improve- 
ment work.     He  prepared  plans  for  slash  pine,   loblolly  pine,   and  yellow 
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poplar.     It  is  understood  that  the  recommendations  can  be  modified  to  suit 
the  particular  needs.     The  Forest  Genetics  Steering  Committee  prepared 
a  guide  for  the  selection  of  superior  trees  in  the  Northern  Rocky  Mountains 
(13).     They  discussed  the  traits  that  are  generally  considered  important 
for  high  quality  timber  trees  such  as  (a)  rapid  height  and  diameter  growth, 
(b)  evidence  of  resistance  to  injury  by  economically  important  diseases 
and  insects,    and  other  seriously  injurious  agents,   (c)  straight,    clean  bole 
with  little  taper,   (d)  narrow  crown,   (e)  slender  or  fine  branches,   (f)  few 
limbs  per  whorl.     In  his  report  on  research  in  tree  improvement  at  Lake 
City,   Pomeroy  (3^)  covered  the  main  considerations  of  the  aspects  of 
natural  regeneration  along  eugenic  lines.     The  Southern  Region  of  the 
U.   S.   Forest  Service  is  preparing  an  outline  to  help  with  the  selection 
and  tabulation  of  desirable  trees  to  leave  as  parents  for  natural  regenera- 
tion,  and  also  for  use  in  breeding  work.     Under  most  instances  the 
geneticist's  recommendation  for  the  selection  of  parent  trees  for  natural 
regeneration  would  be  little  different  from  a  silviculturist's  recommenda- 
tion.    Therefore,   they  can  be  included  in  intensive  silviculture  without 
enlarging  its  present  scope. 

It  must  be  stressed  that  selecting  good  parent  trees  is  difficult 
because  we  know  very  little  about  the  heritability  of  desirable  characters. 
The  trees  have  to  be  rated  on  superior  genotype  using  phenotypic 
characteristics  of  the  Fi  and  F2  offsprings  resulting  from  progeny  tests 
which  are  used  in  the  evaluation.     As  the  results  from  progeny-testing 
plantations  become  available,   the  original  selection  guides  will  be  re- 
vised so  that  better  and  more  accurate  selection  criteria  can  be 
prepared.     By  careful  evaluation  of  the  environmental  factors  and  by 
leaving  those  trees  which  have  the  greatest  preponderance  of  desirable 
characteristics,   many  of  the  selected  trees  should  have  good  inherent 
traits.     We  know  that  undesirable  traits  are  inherited,   so  why  leave 
trees  of  undesirable  form,   take  unnecessary  chances,    and  gamble  against 
unfavorable  odds  ? 


IMPROVE  THE  YIELD  OF  OLEORESIN  FROM  LIVING  TREES 

The  first  attempts  to  evaluate  the  importance  of  hereditary  factors 
which  determine  gum  yield  in  longleaf  pine  were  made  by  Liefeld  in  1935 
(O-100-Informal).     He  collected  wind -pollinated  cones  from  two  groups 
of  longleaf  pines  whose  gum-yielding  ability  had  been  determined.     One 
group  had  gum  yields  varying  from  slightly  below  average  down  to  two- 
thirds  of  average,   while  the  second  group  ranged  from  slightly  above 
average  to  one  and  one-half  times  average  yield.     A  check  of  the  gum- 
yielding  ability  of  the  17 -year -old  progeny  from  these  two  groups  of 
trees  was  made.     It  showed  that  the  longleaf  trees  from  above -average 
mother  trees  had  significantly  higher  yields  than  those  originating  from 
below-average  trees  (23). 
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When  the  present  Species  Improvement  program  was  initiated  in  1941, 
its  objectives  were  the  selection  and  production  of  a  strain  of  pine  which 
was  superior  in  naval  stores  products  (^,    34,    35). 

During  the  initial  phase  of  the  program,   trees  with  an  outstanding 
gum-yielding  ability  were  identified  and  selected  in  natural  stands  on 
the  basis  of  accurate  yield  determinations.     As  a  result  of  this  selection 
for  high  yields,    12  pine  trees  have  been  located  in  Georgia  and  Florida 
which  produced  at  least  twice  as  much  gum  as  the  average  tree  of  the 
same  diameter  growing  on  the  saine  site.     These  trees  have  been  used  as 
parents  in  past  breeding  work  at  this  station  (0-116;  0-146),    rooted 
cuttings  were  outplanted  to  preserve  the  germ  plasm  (0-132),    and  scions 
were  grafted  in  seed  orchards  (G-6).     A  check  on  gum  yield  of  the  progeny 
resulting  from  controlled  and  natural  crosses  of  these  selections  showed 
that  gum  yield  in  slash  pine  is  a  heritable  characteristic:  and  that  increased 
gum  yields  result  from  the  crossing  of  outstanding  parents  (^)-    The 
viscosity  of  the  oleoresin,    a  factor  which  influences  the  gum  yield 
significantly,   proved  to  follow  a  well  defined  inheritance  pattern.     Also, 
a  comparison  of  the  viscosity  of  rooted  c-uttings  with  that  of  the  original 
trees  showed  that  the  viscosity  of  the  oleoresin  is  a  fixed  character  in 
slash  pine.     The  variations  as  a  result  of  age,    soil,   and  environmental 
conditions  were  minor.     Since  viscosity  is  an  important  factor  whic'h 
determines  gum  yield,   and  because  it  can  be  determined  accurately,   it 
will  prove  to  be  a  valuable  criterion  for  selecting  superior  naval  stores 
trees.     Scions  from  the  outstanding  trees  resulting  from  the  crosses  of 
the  original  selections  have  been  grafted  for  use  in  seed  orchards. 


HYBRIDIZATION  WORK  WITH  SOUTHERN  PINES 

Intraspecific  and  interspecific  hybridization  is  considered  by  some 
people  to  be  the  approach  which  will  contribute  the  greatest  benefits  to 
forestry.   Tree  breeders  at  the  Institute  of  Forest  Genetics  in  Placerville, 
California,   have  used  this  method  as  the  most  prominent  feature  of  their 
program.     A  large  number  of  hybrid  combinations  have  been  obtained  at 
Placerville  and  a  number  of  these  exhibited  great  potentialities  with  respect 
to  some  characters.     Duffield  and  Righter  (U^)  summarized  the  results 
from  tests  with  these  hybrids.  Several  cross  combinations  with  southern 
pines  are  included.     For  the  shortleaf  x  slash  (P,   echinata,    Mill,   x  elliottii 
Engelm. )  they  reported  that  the  hybrid  "appears  to  have  narrower  crown 
and  finer  branches  than  shortleaf.     Potential  value  seems  to  be  in  putting  a 
faster  growing,   better  formed  tree  on  shortleaf  pine  sites  to  the  north  and 
west  of  natural  distribution  of  slash  pine.     May  prove  to  have  some  value  in 
developing  a  pine  more  resistant  to  fusiform  rust  than  slash  pine,   in  which 
case  it  may  be  of  importance  in  the  general  range  of  slash  pine.  "    In  a 
small  test  with  loblolly  x  slash  (P.  taeda  x  elHottii,   Engelm. ),    "this  hybrid 
appears  to  have  somewhat  better  form  than  loblolly.     May  be  valuable  in 
bringing  a  better-formed,   faster-growing  tree  into  the  loblolly  region,   and 
in  breeding  a  slash  pine  more  resistant  to  fusiform  rust.  " 
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From  the  Southern  Forest  Experiment  Station,   the  Institute  of  Forest 
Genetics  in  Placerville,   California,   and  the  Lake  City  Research  Center 
have  come  successful  crosses  of  slash  x  longleaf  and  longleaf  x  slash. 
Seedlings  resulting  from  these  crosses  were  intermediate  in  growth  rate 
between  their  parents  and  they  did  not  go  through  the  characteristic  grass 
stage  of  longleaf  pine.     One  slash  x  longleaf  hybrid  had  a  total  height  of 
24  feet  cOid  a  diameter  at  breast  high  of  5.  2  inches  at  the  start  of  its  ninth 
growing  season  (2j6).    This  particular  hybrid  combination  appears  to  hold 
great  promise  as  stock  to  reforest  some  of  the  drier  sites  where  slash 
pine  trees  do  not  prosper. 

During  the  1952-1953,   and  1953-1954  breeding  season  the  following 
interspecific  combinations  were  attempted  at  Lake  City,   Florida:    Slash 
X  longleaf,   longleaf  x  slash,   slash  x  south  Florida  slash  (elliottii  var. 
densa.   Little  and  Dorman),    longleaf  x  south  Florida  slash,    slash  x  sand 
pine  (P.   clausa,   (Engelm. )  Sarg. )  and  longleaf  x  sand  pine.     Slash  pine 
pollen  collected  in  Mississippi  was  used  during  the  1953-1954  season  in 
intraspecific  crosses  to  obtain  possible  hybrid  vigor  (G-5). 

Scions  from  hybrids  developed  at  Placerville,    California  (G-6), 
and  hybrid  seedlings  developed  at  the  Southern  Station  (G-14)  have  been 
established  at  Olustee,   Florida,   for  use  in  future  breeding  work. 


FACILITATING  STUDIES 

Even  though  accepted  biological  principles  are  being  followed  in 
a  forest  tree  improvement  program,   the  methods  of  application  cannot 
be  followed  without  modifications  or  changes. 

Vegetative  propagation  problems  especially  needed  attention  to 
obtain  ways  of  rooting  and  grafting  cuttings  from  selected  individuals. 
Hence,    vegetative  propagation  experiments  were  carried  on,   and  the 
results  with  naval  stores  pines  have  been  brought  together  and 
summarized  (2^8). 

With  our  present  methods,   slash  pine  can  be  asexually  propagated 
either  by  rooting  or  grafting.     Whenever  possible,   the  air- layering 
method  should  be  used  to  obtain  rooted  propagules  (24).  For  field  grafting 
with  dormant  scion  material,   best  results  were  obtained  (95  percent 
success)  when  the  bottle-graft  technique  was  used.     Shading  the  newly 
established  grafts  was  found  to  be  beneficial.     Dormant  scion  material 
can  also  be  grafted  on  potted  plants  in  a  shaded  greenhouse  or  lathhouse 
with  the  bottle -graft  method. 

By  grafting  during  the  succulent  stage,  the  effective  grafting  season 
was  prolonged  for  several  months.  A  cleft  graft  into  the  leader,  covered 
with  a  polyethylene  bag  and  well  shaded  gave  good  results.     Short  periods 
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of  direct  insolation  resulted  in  failures  of  the  graft.     Grafting  with  succulent 
tissue  was  also  used  to  establish  heteroplastic  grafts  for  flower-induction 
studies. 

A  study  of  knitting  of  a  union  showed  that  parenchymatous  cells  of 
medullary  rays,  phloem,  cortex,    and  cambium,   participated  in  bridging 
the  space  between  stock  and  scion.     A  continuous  bridge  between  the  graft 
partners  was  apparent  after  6  weeks. 

Controlled  pollination  problems  were  not  extensively  studied,   mainly 
because  existing  methods  were  applicable  without  major  changes.     The 
techniques  used  in  control  pollinations  of  the  naval  stores  pines  followed  in 
general  the  techniques  described  by  the  Institute  of  Forest  Genetics, 
Placerville,   California  (7^).   Modifications  have  been  made  in  the  methods, 
such  as  pollen  extraction  equipment,   pollen  storage,   pollinators  used,   and 
type  of  bag.     Plastic  sausage  casings  so  far  have  proven  superior  to  either 
canvas  bags  or  Kraft  paper  bags.     Also,   plastic  sausage  casings  make  ideal 
unit  pollen  extractors. 

Field  testing  in  the  past  has  followed  standard  designs  which  will  allow 
a  statistical  analysis  of  the  data.     It  is  felt  that  experimental  designs  for 
progeny  tests  need  to  be  modified  by  and  for  the  tree  breeders. 


NEEDED  INFORMATION 

The  problems  presented  in  this  section  are  not  arranged  in  order  of 
priority  but  are  discussed  under  the  major  headings  of  the  program,   with 
some  consideration  for  present  knowledge,   work  in  progress  at  other 
research  centers,   and  the  present  status  of  the  forest  industries. 


SELECTION  STUDIES 

Species  selection,   both  native  and  exotic,    should  be  made  to  determine 
which  species  to  work  with.     It  is  understood  that  most  of  the  work  is  to  be 
done  with  slash  and  longleaf  pine,   but  exotic  conifers  to  provide  possible 
germ  plasm  for  hybridization  should  not  be  overlooked.     A  pine  arboretum 
is  being  established  (G-8),   and  at  present  it  would  seem  desirable  to 
maintain  and  enlarge  this  arboretum  as  a  combination  breeding-introduction 
garden. 

Race  or  cline  selection  is  of  great  importance  to  this  program  and 
needs  direct  attention.     Information  on  the  extent  of  variation  due  to 
geographic  origins  in  our  major  species  (slash,   longleaf,   and  loblollv) 
IS  urgently  needed. 
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Figure  14.  --Micro-chipping  method  to  obtain  oleoresin  samples  from  young 
progeny.     A  uniform  piece  of  bark  and  cambium'  was  lifted  out  with  a  metal 
punch  and  the  exposed  wood  surface  sprayed  with  50-percent  sulfuric  acid. 
This  method  was  successfully  used  to  demonstrate  the  inheritance  of  the 
oleoresin-yielding  ability  of  longleaf  and  slash  pines. 
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Ecotype  selection,  especially  for  slash  pine,  will  prove  its  value  after 
additional  years  of  fire  protection  by  answering  the  question  whether  or  not 
this  species  has  differentiated  into  wet  site  and  dry  site  strains. 

Stand  selection  for  the  conversion  of  natural  stands  into  seed  produc- 
tion areas  will  be  important  if  the  best  possible  seed  sources  are  to  be 
used.     One  of  the  first  tasks  will  be  to  determine  the  extent  to  which  some 
stands  are  actually  superior  to  others  growing  in  the  same  locality.   Also, 
forest  managers  need  to  know  how  to  select  the  trees  within  these  stands 
and  how  to  manage  these  stands  for  maximum  yield. 

Individual  tree  selection  will  form  the  basis  for  the  control  inter- 
specific pollination  program.     Selection  criteria  need  to  be  developed  or 
perfected  for  such  attributes  as  gum  yield,   form,    rate  of  growth,   natural 
pruning,   wood  quality,   and  disease  and  insect  resistance.     We  need  to  know 
how  to  recognize  superior  phenotypes  in  the  field  in  order  to  put  the  selection 
work  on  an  efficient  basis.     This  selection  will  be  carried  out:    in  older  or 
mature  stands,   where  the  characteristics  at  maturity  or  close  to  maturity 
are  assessed  directly;  and  in  nursery  beds,   where  potential  characteristics 
are  judged  on  the  basis  of  performance  in  the  juvenile  stage. 

Both  these  types  of  selection  have  a  place  in  the  over  all  program,   one 
advantage  of  nursery-bed  selection  being  the  ease  and  rapidity  by  which 
several  million  trees  (seedlings)  growing  in  relatively  uniform  conditions 
can  be  evaluated.     The  drawbacks  of  this  method,   however,   are  obvious. 
Therefore,   we  need  information  about  selection  criteria,   and  on  the 
dependability  of  the  phenotype  in  a  juvenile  stage  as  compared  to  the 
phenotype  at  maturity. 


CONTROL  POLLINATIONS 

Intraspecific  pollinations  will  be  used  to  a  greater  extent  as  outstand- 
ing trees  are  being  located.     The  benefit  of  this  type  of  pollination,   which 
includes  self  pollinations,    will  be  evaluated  as  the  results  from  progeny 
tests  become  available.     Its  value  has  been  proven  for  studies  on  gum 
yields,   but  relatively  little  is  known  of  its  application  when  the  objective 
is  better  growth  rate  or  form. 

Interspecific  hybridization  with  the  breeding  material  available  should 
help  to  evaluate  the  extent  of  variability  obtainable  with  our  southern  pines, 
and  provide  some  information  of  a  phylogenetic  nature.     Work  in  inter- 
specific hybridization  should  be  confined  to  crosses  where  at  least  one  of 
the  parents  is  indigenous  to  this  area.     We  need  much  information  on  the 
use  of  interspecific  hybridization  to  develop  trees  particularly  well  suited 
to  certain  planting  conditions  (dry  sites,    ice  belts,    or  resistance  to  certain 
pests).     It  is  also  necessary  to  outplant  under  local  conditions  hybrids 
which  were  developed  at  other  centers. 
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Figure  15.  --Regression  lines  for  four  progeny  groups  in  a  slash  pine  oleoresin- 
yield  inheritance  test.     The  progeny  whose  male  and  female  parents  were  both 
high  yielders  produced  the  greatest  amount  of  oleoresin.     When  open-pollinated 
cones  were  collected  from  high  yielders  the  resulting  progeny  produced  higher 
yields  than  the  natural  progeny  of  average  trees,    or  of  controlled  cross  between 
two  average  parents. 
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FIELD  TESTING  PROCEDURES 

Field  testing  forms  the  core  of  a  species  improvement  program.   Only- 
after  careful  field  testing  can  the  possible  benefits  be  predicted  or  the  mode 
of  inheritance  studied.     Most  of  the  progeny  tests  are  of  long  duration; 
therefore,   more  and  more  material  will  accumulate.     The  maintenance  and 
protection  of  the  experimental  stock  in  itself  will  require  a  considerable 
expenditure  of  labor. 

Rooted  cuttings  are  being  outplanted  to  protect  the  germ  plasm  and 
to  guess  at  the  genotype  of  the  selection.     Evaluation  of  such  attributes 
as  growth  rate  will  be  difficult  unless  the  cuttings  are  graded  very  care- 
fully before  outplanting.     Differences  in  root  size  and  number  greatly 
influence  the  subsequent  performance,    and  it  is  hoped  that  with  air-layers 
a  larger  supply  of  propagules  can  be  obtained  to  enable  heavy  culling  and 
outplantings  set  out  according  to  a  statistical  design. 

Grafted  plants  have  been  used  to  establish  seed  orchards  and  to 
preserve  or  multiply  desirable  germ  plasm.     Our  knowledge  concerning 
the  establishment  of  seed  orchards  is  very  limited  and  in  view  of  the 
importance  of  this  step  in  the  program,   information  on  the  establishment 
and  management  of  orchards  is  urgently  needed. 

Control  pollination  progeny  plantations  should  be  established  so  that 
the  maximum  information  can  be  extracted  from  these  outplantings. 
Sensitive  field  designs  which  will  lend  themselves  well  to  accepted  sta- 
tistical procedures  should  be  used.     Little  research  has  been  done  by 
biometricians  on  devising  the  best  possible  field  designs.     These 
outplantings  are  mostly  unbalanced  by  necessity  because  unequal  numbers 
of  progeny  are  available.     Some  field  tests  can  be  established  with  reliable 
cooperators  when  large  numbers  of  seedlings  are  available. 

Natural  progeny  tests  or  open  pollinated  progeny  tests  are  being  used 
but  are  subject  to  several  possible  errors.     However,   if  repeated  over  a 
period  of  several  years  and  by  collecting  cones  from  various  locations  on 
the  crown,   such  effects  as  wind  direction  and  climate  at  time  of  pollination 
can  be  minimized.     One  advantage  for  tests  of  this  type  is  that  they  can  be 
started  without  delay  and  can  give  an  indication  of  the  possible  benefits 
obtainable  by  collecting  open  pollinated  cones  from  selected  trees.     On  the 
average,    rather  large  numbers  of  open  pollinated  seeds  can  be  obtained 
from  a  given  tree,    which  allows  test  outplanting  in  commercial  planting 
operations.     This  points  to  the  need  for  determining  the  best  type  of 
experimental  outplanting  under  commercial  conditions. 

Racial  outplantings  are  mostly  of  standard  randomized  plot  design. 
However,   we  need  information  on  the  most  opportune  spacing  at  which  the 
most  information  "per  tree  planted"  can  be  obtained. 
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FACILITATING  STUDIES 

Reproduction  studies  in  the  techniques  of  pollinations  can  be  carried 
out  along  with  the  regular  control  pollinations.     There  is  a  need  of  better 
pollinators  with  mixing  chambers  for  the  pollen.     Also,   flowers  and 
conelets  need  better  protection  from  insects  and  disease  during  their  time 
of  development.     As  for  techniques  in  vegetative  propagation,    they  should 
be  relatively  dependable  after  results  from  current  studies  on  air-layering 
become  available  (G-13).     Techniques  on  rooting  and  grafting  can  be 
modified  and  perfected  during  the  course  of  normal  vegetative  propagation 
work.     Also,    the  protection  of  the  scions  from  insects,   after  the  grafts 
have  taken,    needs  attention. 

Flower  primordia  initiation  is  being  studied  in  slash  pines  to  form  the 
basis  for  further  studies  on  the  physiology  of  flowering  (G-21).     First  we 
need  to  know  when  vegetative  growth  changes  into  reproductive  growth,    so 
that  flower-induction  treatments  can  be  properly  timed.     Very  little  is 
known  about  the  initiation  of  flowers  in  pines,    and  current  studies  should 
help  to  guide  future  research.     Various  growth  regulators  which  have 
been  used  successfully  with  other  plants  should  be  tried,    as  the  induction 
of  flowering  is  important  during  several  steps  of  the  program. 

Pollen  collection,     pollen  handling,     pollen  storage,     and  pollen 
germination  will  be  carried  out  as  part  of  the  regular  control  pollination 
program.     The  effect  of  humidity  at  time  of  collection  and  during  storage 
needs  attention. 

Seed  collection,  seed  extraction,  and  seed  handling  for  experimental 
purposes  present  only  minor  problems.  Unit  seed  extractors  and  storing 
equipment  should  prove  helpful  in  keeping  the  seed  from  contamination. 


FUNDAMENTAL  INVESTIGATIONS 

Cytological  studies  of  normal  and  abnormal  types  of  our  southern 
pines  should  help  to  bring  about  a  clearer  understanding  of  these  species. 
Studies  with  mutagens  will  be  of  fundamental  interest  also. 

Anatomical  studies  of  our  southern  pines  will  help  us  to  devise 
selection  criteria  and  to  study  inheritance  of  these  characteristics. 

Taxonomic  and  morphological  studies  will  lead  to  a  better  understand- 
ing of  the  natural  variations  and  the  evolutionary  status  of  our  species.     It 
will  be  interesting  to  find  out  what  a  typical  slash  pine  or  longleaf  pine 
looks  like  and  to  determine  the  degree  of  natural  hybridization  which  occurs 
in  our  southern  pines. 
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RESEARCH  ASPECTS  OF  PROBLEM 

The  selection  phase  of  the  project  should  be  very  sensitive  to  a 
comprehensive  research  program.     As  long  as  selection  is  based  strictly 
on  phenotypic  appearance,    the  ratio  of  selected  genotypes  to  selected 
phenotypes  will  be  low.     In  other  words,    a  large  number  of  so-called  plus 
trees  will  inevitably  be  selected  because  they  were  growing  under  favor- 
able conditions,    since  some  desirable  characteristics,    such  as  growth  rate 
oil-natural  pruning  can  be  greatly  changed  by  different  environments. 

One  of  the  first  tasks  in  a  breeding  program  is  to  assess  the  natural 
variation  which  exists  in  a  species.     After  the  range  of  variation  of  the 
various  characters  has  been  studied,   determined  attempts  should  be  made 
to  devise  relatively  simple  diagnostic  methods  for  selection.     A  thorough 
knowledge  should  be  gained  of  the  cause-and-effect  relationships  between 
the  factors  which  bring  about  desirable  or  undesirable  phenotypic  ex- 
pressions.    When  we  can  use  simple  biochemical  or  biophysical  tests  to 
evaluate  our  initial  selections,   we  will  be  increasing  the  ratio  of  selected 
genotypes  to  selected  phenotypes.     In  some  fields  of  selection  this  know- 
ledge is  being  used,    e.  g. ,   tannin  content  of  bark  in  chestnut  as  an 
indication  of  resistance  to  the  chestnut  blight,   viscosity  of  oleoresin  as 
an  indication  of  gum  yield  from  slash  pine,    and  resin  on  pine  branches  as 
an  indication  of  resistance  to  resin  midge. 

Research  of  a  fundamental  nature  in  the  physiology  of  our  trees  will 
help  to  elucidate  some  of  the  relationships  such  as  heartwood  formation 
and  natural  pruning  in  southern  pines,    lignification  of  cells  in  early 
spring  flush  and  straightness  of  stems,   chemical  composition  and 
resistance  to  insects  and  fungi,    and  many  more. 

If  we  had  better  criteria  for  individual  tree  selection,    we  could 
prepare  better  guides  for  selecting  trees  for  seed  producing  areas  and  for 
silvicultural  systems  which  aim  at  natural  regeneration. 

Nursery  bed  selection  can  only  be  of  value  if  the  characteristics  for 
which  the  seedlings  are  being  selected  in  the  juvenile  stage  maintain  their 
superior  attributes  through  maturity.     Although  some  of  these  trees 
might  maintain  their  desirable  characters,   nursery  bed  selection  has  a 
place  in  a  forest  genetics  program  only  if  these  factors  are  subject  to 
strong  genetic  control.     Information  on  the  relationship  between  juvenile 
characters  and  their  performance  at  maturity  is  needed.     Geneticists  have 
demonstrated  that  the  development  of  organisms  is  epigenetic- -the  mature 
organism  is  not  performed  and  hidden  away  in  the  germ  cells.     We  have 
also  learned  that  our  forest  trees  have  an  open  system  of  growth.     These 
two  fundamentals  of  biology  make  it  appear  unlikely  that  the  degree  of 
correlation  between  juvenile  and  mature  characteristics  of  trees  will  be 
great.     It  seems  expedient  to  attack  first  those  characters  which  are 
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revealed  in  young  trees- -characters  which  "mature"  early,    such  as 
viscosity  of  oleoresin,   early  height    growth  in  longleaf,    and  perhaps  some 
of  the  anatomical  cell  characteristics.     Studies  on  the  efficiency  of  the 
net  photosynthetic  rate  of  the  needles  of  young  seedlings  might  be  an 
objective  way  to  evaluate  selected  seedlings. 

The  results  on  our  inheritance  study  of  oleoresin  yield  in  slash 
pine  point  very  strongly  toward  a  high  degree  of  heterozygosity  in  this 
species.     Few  tree  characters  of  interest  to  foresters  are  subject  to 
simple  Mendelian  inheritance;  most  are  controlled  by  inultiple -factor  in- 
heritance.    Inheritance  of  viscosity  of  oleoresin  is  possibly  a  good 
example  of  this,    and  further  studies  on  the  mode  of  inheritance  of  indi- 
vidual factors  which  cause  a  desirable  or  undesirable  character  should 
be  fruitful.     It  should  also  be  pointed  out  here  that  heterozygosity  as 
found  in  our  trees  presents  great  opportunities  to  the  tree  breeder. 

Unless  forest  tree  improvement  work  is  carried  out  within  the 
framework  of  existing  or  postulated  geographic  races,   the  research 
program  can  suffer  serious  setbacks.     Seed-source  studies  in  progress 
now  will  be  invaluable  in  future  work  and  also  in  preparing  recommenda- 
tions for  practical  application  of  research  findings.     Results  on  the 
nature  of  geographic  differences  of  economic  importance  can  be  directly 
applied  by  practicing  forestry  organizations. 

By  interspecific  crossing  it  should  be  possible  to  minimize  some  of 
the  undesirable  effects  of  heterozygosity  in  the  southern  pines  and 
produce  a  tree  which  is  well  suited  for  a  particular  condition.     All 
possible  species  combinations  with  the  available  breeding  material  should 
be  attempted.     Intraspecific  hybridization     with  trees  growing  at  the  ex- 
tremities of  the  range  of  a  species  should  be  conducted  also,   to  evaluate 
the  possibility  of  heterosis  in  the  resulting  progeny. 

Inbreeding  is  a  classical  approach  to  a  genetics  program,   but  with 
forest  trees  this  method  has  little  direct  practical  value.     However,    a 
number  of  selfings  should  be  made  during  each  season  to  provide  material 
for  a  breeding  arboretum.     Some  of  these  selfed  trees  should  prove  very 
valuable  assets  after  some  10  to  20  years. 

As  slash  and  longleaf  pine  reproduce  best  by  seed  and  can  only  be 
propagated  with  difficulty  by  vegetative  means,   the  establishment  of 
seed  orchards  for  superior  trees  is  the  logical  way  to  plan  a  tree  im- 
provement program.     The  concept  of  seed  orchards  for  forest  trees  is 
new  and  therefore  opens  up  expanded  fields  of  research.     Such  problems 
as  spacing  of  trees,   number  of  clones  represented  in  an  orchard,    width 
of  isolation  strip,    soil  fertility,   irrigation,   flower  stimulation,    and  cone 
protection  need  attention.     All  these  problems,   being  relatively  well 
defined,    should  be  susceptible  to  solution  by  research. 
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Until  seed  orchards  of  tested  parentage  are  in  production,    a  large 
percentage  of  seed  will  be  collected  from  present  seed-production  areas. 
The  management  of  these  areas  needs  attention  if  large  quantities  of  seed 
are  to  be  produced  and  collected  from  these  stands.     Wood-using  indus- 
tries which  have  established  seed  production  areas  will  gladly  cooperate 
with  research  organizations  to  solve  such  problems  as:  selection  and 
spacing  of  "seed  producers,"  fertilization  of  soil,    cone  protection,    and 
cone  collection. 

Results  of  the  gum-yield  phase  of  the  tree  breeding  program  at  the 
Lake  City  Research  Center  are  a  good  example  of  the  knowledge  which 
can  be  gained  by  a  sustained  research  program.     Since  the  beginning  of 
this  program  in  1941,   the  following  information  has  become  available: 

1.  Slash  pines  yielding  at  least  twice  as  much  gum  as  average 
trees  of  similar  size  have  been  located  in  natural  stands. 

2.  Techniques  have  been  developed  to  propagate  these  trees 
vegetatively,    and  clonal  plantations  have  been  established. 

3.  The  selected  trees  have  been  control  cross-pollinated  to 
study  the  inheritance  of  oleoresin  yield,    and  progeny  is 
growing  in  testing  plantations. 

4.  The  inheritance  of  gum-yielding  ability  has  been  demonstrated 
in  both  longleaf  and  slash  pine. 

5.  The  relationship  between  initial  24-hour  rate  of  flow  and  the 
size  and  number  of  horizontal  resin  ducts,  and  the  viscosity 
of  the  oleoresin  has  been  demonstrated. 

6.  During  a  2-week  flow  period,    viscosity  of  oleoresin  showed 
a  highly  significant  association  with  yield. 

7.  Viscosity  of  oleoresin  is  a  fixed  character  in  slash  pine  and 
is  subject  to  multiple -factor  inhe'ritance. 

8.  Increase  in  yield  as  a  result  of  control  crossing  of  high-gum 
yielders  has  been  demonstrated. 

9.  Efficient  techniques  to  graft  scions  from  superior  trees  for 
seed  orchard  establishment  have  been  developed  and  seed 
orchards  have  been  established. 

Succeeding  stages  of  plantation  establishment,   management  for 
maximum  gum  yield,    and  integration  with  timber  production  will  be 
undertaken  in  cooperation  with  the  gum  naval  stores  and  forest  management 
research  projects.     Grazing  of  young  turpentine  plantations  may  be  another 
source  of  supplemental  income,    and  if  so,   would  also  bring  the  range 
management  division  into  the  over-all  problem. 
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PROPOSED  PROGRAM 

The  various  problems  listed  below  have  been  assigned  a  priority- 
based  on  importance,   urgency,    susceptibility  to  solution  through  research, 
and  work  under  way  at  other  centers. 


Suscepti- 

bility to 

Problem 

Impor- 
tance 

Urgency 

solution 
thi'ough 
research 

Priority 

Species  selection  (native 
and  exotic  ) 

Race  or  cline  selection 

Ecotype  selection  of  slash 
pine 

Stand  selection  of  slash 
and  longleaf  pine 

Individual  tree  selection 


Medium        Medium       Good 
High  High  Good 


Medium       High 


High 


High 


Good 


Medium 
High 

Medium 


Average  High 


Early  juvenile  growth 

of  longleaf  pine  High  High 


Resistance  of  longleaf 
to  brown  spot  disease 

Resistance  of  slash  pine 
to  fusiform  rust 


Slash  and  longleaf  of  rapid 

growth  (nursery  beds)  High 


Average  High 


Medium        Medium       Average  Low 


Medium        Medium       Average  Medium 


Slash  and  longleaf  of  good 
form,    straight  grain, 
rapid  growth,    high 
density  (mature  stands)  High  High 


Slash  and  longleaf  of 

high  gum  yields  High  High 


High 


Medium        Good 


High 


Medium 


Excellent        High 
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Problem 


Impor- 
tance 


Urgency 


Suscepti  - 
bility  to 
solution 
through 
research 


Pi'iority 


Intraspecific  pollinations  High  High 

Interspecific  pollinations  High  Medium 

Progeny  testing  by  means  of 

a.  rooted  cuttings  Medium  Low 

b.  plantations  of 
controlled  progeny 

c.  natural  progeny 
Seed  orchard  establishment 
Seed  orchard  management 
Facilitating  studies 


High 
High 

Medium 


Fundamental  studies 

a.  cytological  studies  Low 

b.  anatomical  studies  High 

c.  taxonomic  and  morpho- 
logical studies  Low 


Low 


High 


Medium        High 


High 
Medium 

Medium 


High 

High 

High 

High 

Medium 

High 

Medium 

High 

High 

High 

High 

High 

High 

High 

High 

High 

a. 

pollination  studies 

High 

Medium 

High 

Medium 

b. 

cone -protection 

studies 

High 

High 

Medium 

Medium 

c. 

vegetative  propagation 

studies 

Medium 

Medium 

High 

Medium 

d. 

flower  initiation 

studies 

High 

High 

High 

High 

Low 


Medium 


Low 

Medium 

Low 
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A  forest  tree  improvement  program  which  has  direct  practical  benefits 
to  forestry  as  the  objective  is  in  a  dynamic  state.     Once  the  methods  and 
techniques  to  bring  the  program  through  the  various  logical  phases  have 
been  developed,   emphasis  should  be  placed  on  the  feasibility  of  practical 
application  to  forestry.     The  logical  steps  for  such  a  program  are  selection, 
progeny  testing,    and  seed  orchard  establishment.     Most  studies  will  be  of 
a  seasonal  nature  and  the  extent  of  some  of  these  will  be  dictated  by  weather 
conditions,    such  as  the  studies  on  control  pollinations.     A  division  of  work 
load  according  to  the  technical  background  of  the  personnel  and  with  an  eye 
on  peak  loads  will  increase  accomplishment.     For  some  objectives  such  as 
gum  production  the  program  is  now  in  the  seed-orchard  stage,   while  for 
other  objectives  rigorous  selection  studies  are  still  needed.     A  yearly 
re-evaluation  of  the  research  results  of  this  program  as  well  as  those  of 
kindred  projects  is  needed  to  decide  on  current  studies.     Studies  of  high, 
medium,    or  low  priorities  will  be  carried  out  concurrently  so  as  to  make 
the  most  efficient  use  of  manpower,   time,    and  equipment.     There  are  some 
problems  with  a  high  priority  which  have  been  installed  but  need  little 
attention  during  the  next  decade.     Also,   outlines  for  several  "package" 
research  studies  well  suited  for  thesis  or  dissertation  problems  should  be 
kept  in  mind  for  reliable  cooperators. 
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APPENDIX 


Table  1.  --Total  land  area 


(In 

thou 

sands  of  acres) 

Location 

Forest  land 

Agric- 
ulture ^ 

Other -2/ 

Total 

Commercial 

Non- 
commercial 

SE  Georgia 

7626.8 

50.4 

2211.8 

710.  3 

10599 

3 

SW  Georgia 

3057.5 

2402.6 

180.7 

5640 

8 

NE  Florida 

7601.7 

92.  0 

1285.2 

546.7 

9525. 

6 

NW  Florida 

5928.0 

132.1 

935.1 

324.7 

7319. 

9 

Central  Fla. 

5747.2 

232.0 

1370.5 

2429.3 

9779. 

0 

S.   Florida 

2174.2 

1139.8 

877.9 

3662.2 

7854. 

1 

Total 

32135.4 

1646.3 

9083.  1 

7853.9 

50718. 

7 

Percent 

63.4 

3.2 

17.9 

15.5 

100. 

0 

Xl    As  defined  in  Forest  Survey  Releases  30,    31,    32,    33,    37,   and  39. 

2/    Includes  fenced  native  and  improved  pastures. 

3/    Marsh,   dunes  and  beaches,  urban  and  other  nonforested  areas. 
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Table  2.  --Commercial  forest  area  by  forest  type  and  stand-size  class 

in  Florida  and  South  Georgia 
(In  thousands  of  acres) 


Forest  type 


Large 

saw  - 
timber 


Small 
saw- 
timber 


Poles 


Seedling- 
sapling 


Poorly 
stocked 


Total 


Longleaf  pine 


45.  2 


1101.1         2244.6         923.4         5332.7        9647.0 


Slash  pine 

174.  7 

2110.  0 

V.   densa 

33.7 

Loblolly  pine-^ 

184.2 

283.2 

Pond  pine 

20.9 

82.8 

Sand  pine 

-- 

15.  6 

Hardwood  -pine 

120.5 

147.  6 

Scrub  oak 

-- 

-- 

Lowland  hardwood 

693.2 

969.  7 

Cypress 

59.0 

601.  1 

Palm 

_  _ 

-.  _ 

1616.3  1737.6 

123.1  108.6 

296.0  268.4 

143.6  177.6 

91.2  144.0 

367.9  446.4 

2.0  50.9 

1292.5  1195.2 

494.9  266.3 


2204.7        7843.3 
1490.1        1755.5 

272.9        1304.7 


257.2 

131.2 

526.7 

2145.  3 

759.2 


682.  1 

382.  0 

1609.  1 
2198.2 
4909.8 


241.3        1662.6 


141.  1 


141.  1 


All  species 


1297.7         5344.8         6672.1      5318.4       13502.4     32135.4 


Suitable  for  pine  545.5         3774.0        4884.7      3856.9       12360.5     25421.6 


Percent  pine  site 
by  condition 


2.1 


14.9 


19.2  15.2 


48.6  100.0 


U    Included  74,  300  acres  of  shortleaf  pine  and  20,  600  acres  of  red 
cedar. 
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Table  3.  --Number  of  turpentine  pine  trees  by  working  status  and  tree  size 

(In  thousands  of  trees) 


1/ 


Working 
Status 


Poles 


Small 
saw- 
timber 


Large 
saw- 
timber 


Total 


Round 

422,  003 

133,421 

4,826 

560,  250 

Working  - 

2,  501 

51,864 

3,  156 

57,  521 

Resting 

2,440 

30,  051 

3,041 

35, 532 

Worked  out 

1,  127 

14,867 

1,861 

17,855 

Total 


428, 071 


230,203 


12,884 


671,  158 


\l    Based  on  1952  Forest  Survey  in  south  Georgia,    Units  1  and  2, 
and  on  1949  Forest  Survey  of  Northeast  Florida,    Unit  1.     West  Florida 
and  Central  Florida  are  excluded,    as  turpentining  has  declined  considerably 
in  these  Units  since  the  1949  survey  was  taken. 

2/    The  1953  Participation  Report  of  the  Naval  Stores  Conservation 
Program  lists  a  total  of  48,  799,  597  faces  worked  in  1953,    of  which 
38,  024,  244  were  in  Georgia  (77.  9%)  and  7,  347,  152  were  east  of  the 
Apalachicola  River  in  Florida  (15.  1%).     Nearly  all  the  remaining  turpentine 
faces  are  in  west  Florida,    Alabama,   and  Mississippi. 
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Table  4.  --Area  of  turpentine  timber  crops  by  working  status  -^ 


Crop  working  status 


Area 


Thousands  of  acres 


Percent 


Round  timber 
SE  Georgia 
SW  Georgia 
NE  Florida 


885.  1 

464.  1 
882.  1 


2231.  3 


41.7 


Working  timber 
SE  Georgia 
SW  Georgia 
NE  Florida 


1223.  6 
338.0 
484.9 


2046. 5 


38.2 


Resting  timber 
SE  Georgia 
SW  Georgia 
NE  Florida 


426.8 

94.  5 

305.9 


827.2 


15.5 


Worked -out  timber 
SE  Georgia 
SW  Georgia 
NE  Florida 


138.2 
26.8 
81.9 


247.2 


4.6 


Total 


5352.2 


100.0 


1/    SE  Georgia  surveyed  in  1951,    SW  Georgia  in  1950,    and  NE 
Florida  in  1948. 
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Table  5.  --Estimated  value  of  forest  products  for  entire  states 

(In  dollars) 


Product 


Wholesale  manufactured  value 


Florida 


1/ 


Georgia 


Jl 


Total 


Lumber 


Pulpwood 


3/ 


Gum  naval  stores 

Wood  naval  stores 

Crossties 

Fuelwood 

Poles  and  piling 

Posts 

Veneer  and  cooperage 

Plywood 

Furniture 

Miscellaneous 


47,  475,  000    156,  123,  000 


216.  600,  000 
5,  295,  000 
26,  Oil,  000 
2,  845,  000 
5,  712,  000 
5,  429,  000 
1,496,000 
10,  933,  000 


1,  365.  000 


212,  719,  500 
33,  851.  691 
20,  919,  500 

7.  630,  800 
27,  724,800 
16,  545,  100 

6,  250,  000 
54,  504,400 

9,  600,  000 
35,  700,  000 
12,  000,  000 


203,  598,  000 

429.  319,  500 

39.  146.  691 

46.  930,  500 

10.  475,  800 

33,436.800 

21,  974,  100 

7,  746.  000 

65.437,400 

9.  600.  000 

35.  700,  000 

13.  365.  000 


Total 


323.  161.  000  594,  568.  791 


917.  729,  000 


1/      1952 
2/      1950 

3/      Pulpwood  production  in  1953  was  15  percent  greater,   adding 
about  $64,  000,  000  to  the  total  wholesale  value. 
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Table  6.  --Area  of  seedling,    sapling,    and  poorly  stocked  stands  by 
plantability  class  in  Florida  and  South  Georgia 
(In  thousands  of  acres) 


No 

Suitable 

Hand 

Forest  type 

planting 

for  machine 

planting 

All 

required 

planting 

required 

classes 

Longleaf  pine 


3043.  1 


2646.0 


208.8 


5897. 9 


Slash  pine 

1867.  1 

981.4 

301.4 

3149.9 

V.   densa 

408.0 

858.0 

224.  1 

1490. 1 

Loblolly  pine  ^ 

292.2 

82.2 

45.8 

420.2 

Pond  pine 

269.8 

74.0 

33.  3 

377.  1 

Sand  pine 

34.  3 

71.  3 

25.6 

131.2 

Upland  hardwood 

2/ 

627.9 

130.2 

176.0 

934.  1 

Scrub  oak 

224.6 

1516.9 

454.7 

2196.2 

All  types 

6767.0 

6360.0 

1469.7 

14596.7 

1/      Includes  13,  200  acres  of  shortleaf  pine  in  Georgia. 

2/      Includes  308,  400  acres  of  hardwood-pine  type  in  Georgia. 
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Table  7.  --Stocking^  on  commercial  forest  area  by  forest  type, 


Florida  and  South  Georgia 


(In  thousands  of  acres) 


Forest  type 


0-9 
percent 


10-39 
percent 


40-69 
percent 


70-99 


100  + 


percent     percent 


Total 


Longleaf  pine 

4053. 

8 

3458. 

4 

1270. 

3 

480. 

9 

383. 

6 

9647. 

0 

Slash  pine 

1582. 

8 

2102. 

3 

1226. 

8 

766. 

5 

2164. 

9 

7843. 

3 

V.   densa 

1364. 

6 

346. 

3 

36. 

5 

8. 

1 

- 

- 

1755. 

5 

Loblolly  pine  ^ 

188. 

2 

280. 

6 

258. 

1 

123. 

9 

453. 

9 

1304. 

7 

Pond  pine 

175. 

2 

279. 

9 

123. 

1 

38. 

7 

65. 

2 

682. 

1 

Sand  pine 

110. 

6 

124. 

1 

43. 

6 

23. 

5 

80. 

2 

382. 

0 

Hardwood-pine 

387. 

9 

325. 

5 

181. 

8 

152. 

2 

561. 

7 

1609. 

1 

Lowland  hardwood 

422. 

6 

883. 

2 

1095. 

6 

667. 

3 

1841. 

1 

4909. 

8 

Cypress 

165. 

8 

261. 

5 

262. 

3 

301. 

5 

671. 

5 

1662. 

6 

Scrub  oak 

1999. 

2 

157. 

3 

32. 

9 

8. 

8 

-- 

2198. 

2 

Palm 

141. 

1 

- 

- 

- 

- 

- 

- 

-- 

141. 

1 

All  types 


10591.8 


8219.1      4531.0 


2571.4      6222.1 


32135.4 


1/      All  sound  trees  1.0    d.b.h.   and  larger. 

2/      Includes  24,  700  acres  of  shortleaf  pine  in  Georgia. 


Table  8.  --Percentage  of  satisfactory  regeneration  by  forest  types 


1/ 


Long- 

Lob- 

Hard- 

Up- 

Ave. 

Location 

leaf 

Sand 

Slash 

Pond 

lolly 

wood  - 

land 

all 

pine 

pine 

pine 

pine 

pine 

pine 

hdwd 

^ 

types 

SE  Georgia 

81 

— 

89 

89 

91 

85 

85 

86 

SW  Georgia 

74 

-- 

78 

100 

74 

76 

68 

75 

NE  Florida 

55 

89 

54 

70 

63 

-- 

61 

56 

NW  Florida 

58 

9 

35 

68 

62 

-- 

85 

54 

Central  Fla. 

32 

11 

40 

21 

25 

-- 

41 

34 

S.   Florida 

-- 

-- 

27 

-- 

-- 

-- 

27 

27 

1/      Compiled  from   table  21  of  the  Florida  and  Georgia  Forest 
Survey  reports. 

2/      Exclusive  of  scrub  oak. 
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SPECIES  IMPROVEMENT  FIELD  INSTALLATIONS 
(As  of  August  1954) 


Olustee  Headquarters 


Nursery  phase  of  slash  pine  seed  source  study,    G-7.  --This  study  is 
set  up  to  investigate  possible  clinal  changes  in  growth  characteristics 
associated  with  different  proveniences  of  slash  pine  within  its  natural  range. 
Collection  zones  of  slash  pine  seed  will  be  mapped  if  the  study  shows  large 
enough  differences. 

Outplantings  will  be  made  in  Baker  County,    Florida,    Lake  County, 
Florida,    Calhoun  County,    Florida,    Dooly  County,    Georgia,    and  Effingham 
County,   Georgia. 

Germination  differences  between  the  15  sources  sampled  in  1953  were 
observed  in  a  replicated  seedbed  study. 

Arboretum,    G-8.  --A  collection  of  pine-species  and  proveniences  will 
fill  the  need  for  an  arboretum  and  introduction  garden. 

At  present  there  are  107  different  lots  in  nursery  and  transplant  beds, 
to  which  additional  acquisitions  will  be  added.     Seed  is  sown  upon  arrival, 
then  the  seedlings  are  transplanted  for  one  year  and  subsequently  planted 
in  the  arboretum  where  each  lot  will  be  represented  by  25  trees. 

Grafts  (1953-1954),    G-6.  --High-gum  yielders  and  rapid  growers 
have  been  grafted  on  2  to  3-year-old  potted  seedlings.     Grafts  of  "mutant" 
and  undesirable  trees  were  made  for  estimation  of  the  genotype. 

Grafts  of  hybrids  and  exotics  from  scion  material  supplied  by  the 
Institute  of  Forest  Genetics,    Placerville,    California,    are  also  included. 

Heteroplastic  micrografting,    159-A.  --Scions  from  1  to  4 -month -old 
slash  pines  were  grafted  on  stock  of  another  species  or  genus  to  stimulate 
early  flower  production.     No  flowers  were  observed  the  first  season  after 
grafting. 

Anatomical  study  of  flower  primordia  initiation  in  slash  pine.   G-21.  -- 
Buds  were  collected  during  the  summer  of  1954  to  see  when  male  and 
female  flowers  are  laid  down  in  slash  pine. 

Plantation  of  rooted-slash  pine  cuttings,    0-132.  --A  clonal  outplanting 
to  evaluate  the  genotype  of  selected  high-gum-yielding  slash  pines.     At  the 
same  time  continuation  of  valuable  germ  plasms  is  safeguarded.     Plantation 
is  used  for  controlled  breeding. 
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Check  on  viscosity  of  oleoresin  showed  that  this  is  a  fixed  character 
in  slash  pine. 

Graft  outplanting,   G-18.  --Study  of  performance  of  bottle,    veneer, 
and  cleft  grafts. 

Auxin  treatment  of  longleaf  seed,    0-  165.  --Dosage -response  study 
of  2  methyl-4  chlorophenoxy-acetic  acid  treatment  to  stimulate  early 
height  growth  of  longleaf  pine  seedlings. 

Progeny  testing  plantation,    0-146.  --A  4-year-old  plantation  of 
slash  pines  resulting  from  controlled  and  open  pollinations  with  parents 
of  different  gum-yielding  ability.     Planting  followed  a  statistical  design 
with  8  blocks  and  4  replacement  blocks.     In+  8  years  the  progeny  will 
be  tested  for  gum-yielding  capacity. 

Species-site  relationship  study,   G-3.  --Slash,    loblolly,    longleaf, 
and  Sonderegger  pine  planted  in  randomized  blocks  on  an  adverse  site 
to  observe  and  compare  the  performance  of  each.     An  identical  outplant- 
ing  is  in  central  Florida  (Lake  County). 


Pecan  Orchard 


Cone-protection  study,    G-17.  --Slash  pine  cones  are  sprayed  with 
BHC  and  DDT,    in  water  and  in  oil,    once  and  repeated  after  3  months,   to 
protect  against  insect  attack.     The  oil  solution  has  already  proved  itself 
unsatisfactory,    since  it  killed  the  cones  as  well  as  the  insects. 

Seed-production  area,   G-19-A.--A  3-acre  area  of  an  18-year-old 
slash  pine  stand  was  cut  to  33  stems  per  acre,    leaving  the  best-formed 
trees  which  had  also  at  least  50  percent  more  volume  than  the  average 
tree  of  the  stand  before  thinning. 

It  is  an  example  of  a  method  for  improving  seed  quality,    which  can 
be  carried  out  by  most  woodland  owners. 

Slash  pine  selection  plot,   G-19-B.  --Outstanding  slash  pine  trees  in 
a  natural  "pond"  area. 

Grafting  plot,    0-159-B.  --Study  on  feasibility  of  fie  Id -grafting  slash 
pine.     Cleft,    veneer  (side  slit),   and  bottle  grafts  were  used  under  partial 
shade  with  and  without  moisture  chamber.     The  bottle  graft  in  the  open 
was  most  successful  (95  percent).     Some  hybrids  of  Southern  pines  were 
also  grafted.     One  of  them  bore  2  flowers  after  one  year. 
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Air- layering  study,   G-13.  --Only  half  of  this  experiment  is  located 
in  the  pecan  orchard  (see  item  also  under  Lake  City  Airport).    The  study 
involves  the  effect  of  age,    application-time,    and  concentration  of  indole - 
butyric  acid  on  air-layering  of  slash  pine.   Age:  6  (Airport)  and  23  (Pecan 
Orchard)  years.     Time:  June  and  September  1954.     Concentration:  0.4, 
0.  8,    1.2  percent  in  talcum  powder. 

Progeny  testing  plantation,'  0-116.  --This  8-year-old  plantation 
resulted  from  controlled  and  open  pollinations,    with  parents  of  different 
gum-yielding  capacity.     The  plantation  consists  of  7  randomized  blocks 
and  3  replacement  blocks.     Slash  x  longleaf  and  a  slash  x  loblolly  hybrid 
are  present  in  a  replacement  block. 

The  plantation  produced  a  large  number  of  flowers  in  1953-1954 
which  were  used  for  back-crossing,    cumulative  breeding  and  hybridization 
work 

Gum-yield  inheritance  study,    G-ll-A,    B,    C.  --Plantation  0-116  was 
used  in  June  1954  to  conduct  a  study  of  gum-yield  inheritance  in  slash 
pine.     Study  G-ll-A  compared  the  gum  yield  from  progeny  of  known  gum 
yielders  (0-116).     Gum  yield  was  determined  during  a  4-week  flow  from 
1-inch  punchwounds  which  were  sprayed  with  50-percent  sulfuric  acid. 
Study  G-ll-B  determined  the  physical  factors  which  control  gum  flow  in 
the  10  living  "G"  trees.     Viscosity  of  the  gum,    as  well  as  size  and  number 
of  resin  ducts  were  measured  in  Study  G-ll-C. 

Seedling-variation  study,    0-163- A,    B.  --An  annual  outplanting  of  20 
selected  slash  pine  seedlings  to  show  and  observe  extremes  in  development 
under  commercial  conditions. 

One  -parent  progeny  test,  G-4.  --Six  slash  pine  trees  were  selected 
for  their  extremely  poor  form.     Their  open-pollinated  progeny  grows  in 
randomized  blocks  so  that  inheritance  of  form  may  be  observed.    Previously, 
the  hypothesis  of  a  relationship  between  cone  size,    seed  size,    and  seedling 
size  was  tested. 

South  Florida-slash  pine  study,   G-16.  --Selected  and  average  south 
Florida  slash  pine  seedlings  along  with  seedlings  of  the  north  Florida  type 
were  outplanted  to  observe  their  development.     The  stock  came  from  2 
nurseries,    one  located  in  south  Florida  and  one  in  Baker  County,    Florida. 

Slash  pine  ecotype  study,    G-2.  --This  study  investigates  the  possibility 
of  two  distinct  ecotypes  associated  with  a  wet  and  a  dry  site  respectively. 
Seed  from  the  two  sites  was  sown  in  the  Olustee  nursery.     The  resulting 
seedlings  grow  in  a  randomized  block  design  in  two  plantations.     The  Pecan 
Orchard  plantation  is  on  a  dry  site.     The  wet  site  plantation  is  on  land  of 
the  National  Container  Company. 
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Plantation  of  hybrids,   G-14.  --Twenty  hybrids  developed  by  the 
Southern  Forest  Experiment  Station  have  been  outplanted  for  observation. 


Lake  Butler  Road 


Longleaf  plantation,    0-100-Informal.  --Open-pollinated  progeny  from 
parents  of  known  gum-yielding  capacity  were  planted  in  1936.     The  study 
showed  inheritance  of  gum-yielding  ability. 

Extreme  variation  in  height  growth  showed  up  in  the  plantation. 
Therefore,    the  outstanding  tree  with  respect  to  growth  is  being  used  in 
the  breeding  program. 


National  Container  Land 


Southwide  geographic  seed  source  study,   G-20.  --Slash  pine  seedlings 
from  6  geographic  locations,    covering  the  entire  range  for  this  species, 
were  brought  together  in  a  randomized  block  plantation  for  observation  of 
possible  clinal  growth  differences.     The  Lake  City  Research  Center 
cooperates  with  the  Committee  on  Southern  Forest  Tree  Improvement  in 
this  study. 

Nursery  bed  selection  study,   G-1.  --For  this  study  1100  "superior" 
seedlings  were  selected  from  the  Florida  State  Nursery  (0.  004  percent) 
and  outplanted  for  observation  of  subsequent  behavior.     A  measurement 
plot  in  the  center  of  the  plantation,   where  3  rows  of  selected  plants 
alternate  with  3  rows  of  average  seedlings,    serves  for  statistical 
comparison. 

Slash  pine  ecotype  study,   G-2.  --The  wet-site  plantation  of  this  study 
(see  study  G-2  under  Pecan  Orchard)  is  located  in  this  area. 

Longleaf  pine  seed  source  study,    G-15.  --From  6  sources  scattered 
over  the  longleaf  range,    seedlings  are  outplanted  in  a  randomized  block 
design  for  observation  and  comparison. 

A  small  plantation  of  Sonderegger  seedlings  from  these  sources 
extends  the  range  of  observation. 
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Slash  pine  seed  source  study,   G-7.  -  -The  seedlings  from  16  geographic 
locations  covering  the  entire  commercial  range  of  slash  pine  will  be  out- 
planted  in  the  fall  of  1954  in  a  randomized  block  design.     The  study  is 
designed  to  supplement  and  support  study  G-20.     On  the  basis  of  these  two 
studies,    it  is  hoped  that  collection  zones  of  slash  pine  seed  can  be  mapped. 

Clonal  grafting  plot,    G-6.  --As  part  of  the  1953-1954  grafting  program, 
scions  of  high  yielding  and  rapid-growing  slash  pines  were  grafted  directly 
onto  3-year-old  seedlings  of  a  slash  pine  plantation.     Concurrent  perform- 
ance tests  will  decide  which  grafts  are  to  be  used  in  the  controlled  breed- 
ing program. 

Seed-stimulation  study,    G-10.  --On  a  3 -acre  tract  within  the  National 
Container  seed  production  area,    the  effect  of  2  fertilizers  at  3  levels, 
combined  with  injury  to  the  stem  on  seed  production  is  tested  on  20-year- 
old  slash  pines. 


Lake  City  Airport 


Seed-stimulation  study,    G-9.  --In  a  6 -year-old   slash  pine  plantation, 
4  levels  of  fertilization  combined  with  2  types  of  stem  injury  and  one  root 
injury  treatment,    are  tested  for  their  effect  on  seed  production. 

Air -layering  study,   G-13.  --Here  the  treatments  as  described  under 
Pecan  Orchard  are  tested  on  6-year-old  slash  pines. 
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INTRODUCTION 

Various  industrial  foresters  and  others 
not  actively  engaged  in  detailed  research 
in  the  field  of  forest  tree  improvement 
frequently  need  specific  instructions  on 
the  vegetative  propagation  of  slash  pine. 
In  this  outline,  various  steps  for  vegetative 
propagation  are  described  in  detail,  in- 
cluding methods  for  air-layering,  grafting 
with  succulent  and  dormant  material,  and 
inarching  seedlings  into  the  crowns  of 
mature  trees.  "-"''  ..^ 

All  methods  described  in  this  report 
have  been  tested  by  the  senior  author  and 
are  being  used  successfully  in  the  forest 
tree  improvement  program   at   Lake  City. 


AIRLAYERING 


The  best  time  of  year  to 
apply  the  air-layers  is  during 
May,  June,  and  July.  Select 
sturdy,  vigorous,  straight 
shoots  in  the  upper  part  of 
the  crown.  Prepare  the  girdle 
some  10  inches  from  the  tip 
of  the  branch,  preferably  on 
the      current      year's    growth. 


STEP  I. 

Strip  needles  from 
branch  for  a  d\sfance 
ofaboufs". 


Girdle  branch 
about  /z"  +0  I".  Be 
sure  to  remove 
complete  ring  of 
bark  and  cambium 


On  very  vigorous  shoots  of 
trees  below  10  years  of  age 
use  1-inch  girdle,  and  on  older 
trees  use  ^-inch  girdle. 

Use  a  1.2-percent  mixture 
of  indolebutyric  acid  in  talcum 
powder  as  a  rooting  powder. 
This  stimulates  the  formation 
of  well-balanced  root  systems. 
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Wrap  moss  aroun< 
upper  rim  of  girdle 


STEP  4. 

Add  a  handful  of 
moist  sphagnum  moss 
and  cover  wtth  plastic 
sheet. 


If  sphagnum  moss  is  collected 
in  a  dry  state,  let  it  soak  in  water 
for  several  hours  before  using. 
Squeeze  out  excess  water. 

Use  polyethylene  or  polyvinyl 
plastic  sheet  9x10  inches  in  size 
to  wrap  around  moss.   Commercially 

available     air- 
layering  sheets 
gave  very  satis - 
factory  results. 


STEP  5. 

Wrap  plastic  sheefaround 
ball  dT  moss  and  fasten 
fich+ly  at  the  two 
ends. 


Cover  the  sphagnum  moss 
completely  and  be  sure  that 
no  opening  is  left  for  the 
evaporation  of  moisture  from 
the  moss.  If  properly  applied, 
the  moss  will  stay  moist  for 
several  months.  When  drying 
becomes  noticeable,  add  water 
with  a  hypodermic  syringe. 


Roots  form  within  6  to  8  weeks 
but  branch  should  be  left  on  tree 
for  at  least  12  weeks  so  that  roots 
become  firmer  and  develop  side 
branches.  The  white  root  tips  will 
become  visible  through  the  plastic 
wrapping.  When  branch  is  cut  off, 
don't  remove  the  sphagnum  moss 
and  don't  disturb   the   root  system. 


STEP  7. 

Plant  in  loose  soil  and  keep 
in  shade.  WATER  WELL 


Suppori" 
rooted 
/  branch 
IS 
illustrated 


STEP  6. 

After  rooH  have  formed 
clip  of-f  branch  about 
4"to5"  below  girdle 


A  mixture  of  sand,  vermiculite,  and 
peat  in  equal  parts  was  found  very  suitable 
as  a  potting  medium.  Fertilizing  the  rooted 
branch  with  a  soluble  fertilizer  stimulates 
root  growth.  Potted  plants  can  be  outplanted 
into  the  field  after  roots  are  well  developed. 


GRAFTING   WITH  SUCCULENT  TISSUE 
(Cleft  Graft) 


A  large  percentage  of  successful  unions 
is  obtained  when  stock  and  scion  are  in  a 
succulent  condition.  The  method  described 
is  suitable  for  grafting  directly  on  stock 
growing  in  the  field,  or  for  potted  plants  in 
a  lathhouse,  or  greenhouse.  The  best  time 
to  graft  with  succulent  material  is  during 
the  later  part  of  April,  May,  June,  or  early 
part  of  July.  Grafting  can  be  started  as  soon 
as  the  leader  has  added  several  inches  of 
new  growth,  even  though  not  all  the  needles 
of  the  new  growth  have  ruptured  the  sheath. 

As  in  any  type  of  grafting,  the  outcome 
greatly  depends  upon  the  condition  of  the 
stock.  Use  only  trees  as  understock  which 
are  healthy  and  in  a  vigorous  growing  con- 
dition. When  potted  plants  are  used,  best 
results  will  be  obtained  if  they  have  been  in 
the  container  for  at  least  six  months  prior 
to  being  used.  Trees  1  to  3  years  old  make 
good  understocks.  For  best  results  select 
a  stock  plant  with  diameter  at  the  place  of 
grafting  the  same  as  that  of  the  scion. 

The  grafting  knives  and  clippers  need  to 
be  very  sharp  and  kept  in  good  condition 
during  the  entire  grafting  work.  Wipe  blade 
of  knife  frequently  with  a  wad  of  cotton 
soaked  in  alcohol  to  remove  gum  (oleo- 
resin).  A  clean  sharp  knife  will  slice  the 
cells  instead  of  tearing  the  tissue. 

If  grafting  is  done  on  potted  stock,  place 
the  grafting  bench  in  the  shade. 


STEP  I. 


Bend  Side 
branches  and 
hold  down 
with  rulJber 
band 


Succulenf 
shoot 


Cui  rubber 
band  irom 
old  tire 
tube 


STEP  2. 

Succulent  scion  from 
SELECTED  TREE 


Clip  off  top  |eavin<?,  2"  of 
succulent  <growth 


2"  I  /^fslew<growl-h 


V strip  needles 


Put  scion  in  Qiass 
of  water  to  pre- 
vent drymg  out 


Collect  the  scions  from  the  outer  edges  of  the  crown.  Use  only  the 
succulent  growth  from  the  current  year,  as  the  scion  need  only  be  2  to  3 
inches  long.  Freshly  collected  material  will  be  best  and  should  be  kept 
cool  and  moist  until  used.  For  field  collection,  a  pail  filled  with  clean 
water,  or  a  plastic  bag,  have  been  found  satisfactory.  Prevent  heating 
up   of  the   scions.     Do  not  use   scions  which  become  covered  with   mold. 


STEP  7. 

Complete 
Dindint?' 
and  tie*^ 


STEPS. 

Seal  union  com 
pletely  wiih 
grafting  wax 


Align  and  fit  scion  into  cleft  on  stock 
properly  and  promptly.  Delay  will  cause 
desiccation  of  the  wound  surfaces,  and 
the  proper  alignment  decreases  the  dis- 
tance between  the  graft  partners  which 
has  to  be  bridged. 

Apply  the  binding  evenly  along  the  full 
length  of  the  union  to  prevent  the  formation 
of  resin  pockets  between  the  cut  surfaces. 
Also,  when  the  contacting  surfaces  are  un- 
even and  not  under  pressure,  air-filled 
clefts  form  between  stock  and  scion.  The 
correct  binding,  and  the  application  of  an 
even  pressure  along  the  full  length  of  the 
cuts,  is  of  great  importance  during  the 
knitting  of  the  union. 


STEP  9. 


Cover  c^raf  t 
with  a 
Polyethylene 


STEP  10. 


Stick  inside  b^% 
keeps  it  from 
collapsing 


Cut  holes  in 
Kraft  paper 
ba(|  ONLY 


Pemove  this 
band  after  ^raff 
is  completed 


Ti 


ie5ticl<:  -firmly 
o  tree 


Tie  ba^  volth  rubber 

band- must '"^    ' 
airti<^ht 


TREE  UNDER   FULL  SHAOE. 


Id  (grafting  cover 
:  ba^  with  kraft 
paper  bag -cut  holes 
for  ventilation  on 
side  facing  north 


Polyethylene  plastic  bags  of  various  sizes  can  be  purchased  in  hard- 
ware stores.     They  are  sold   as   packaging  material  for  deep-freezers. 

If  convenient,  the  new  whorl  of  branches  being  formed  below  the 
grsift  can  be  enclosed  also  within  the  bag.  Keep  the  bags  over  the  grafts 
for  4  to  8  weeks,  depending  on  the  weather.  Remove  bags  gradually  by 
first  loosening  the  binding  of  the  bag  and  letting  outside  air  into  the  bag 
for  a  couple  of  days.  After  bag  has  been  removed  completely,  cut 
grafting  rubber  as  indicated  on  page  18. 


Union  of  Scion  and  Stock 

Months  after  Grafting 
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If  slash  pines  are  grafted  at  a  time  when  the  tissues  of  both  stock  and 
scion  are  succulent,  the  union  becomes  very  firm  as  illustrated  by  the 
photograph  of  the  tangential  cuts  through  two  graft  unions.  Also,  when 
the  cells  along  the  grafting  cuts  are  still  in  an  active  stage  of  differ- 
entiation and  little  lignification  has  occurred,  the  knitting  of  the  union 
is  rapid  and  large  numbers  of  successful  grafts  are  obtained.  The  above 
photograph  was  taken  18  months  afler  grafting.  On  most  plants  the  union 
between  scion  and  stock  was  hardly  discernible  on  the  outer  bark. 
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GRAFTING  WITH  DORMANT  SCION 
(Bottle  Graft) 


STEP) 


Again  it  is  emphasized  that  only  vigorous 
plants  should  be  used  as  stock.  When  grafting 
dormant  slash  pine  scions,  best  results  are 
obtained  with  the  bottle -graft  method.  This 
method  has  proven  its  value  when  tested  in  a 
greenhouse,  ina  lathhouse,  underpartial  over- 
head shade  in  a  forest,  and  under  open  field 
conditions  in  a  2-year-old  plantation.  The  best 
time  to  graft  dormant  slash  pine  scions  is 
during  January,    February,    and  March. 

Bottle  grafting  is  especially  well  suited  for 
field  grafting,  because  no  sweat  boxes  are 
necessary  for  this  type  of  graft.  Direct  field 
grafting  has  several  distinct  advantages  over 
grafting  on  potted  stock,  namely,  potted  slash 
pines  even  when  in  fairly  large  pots  are  not 
as  healthy  as  plants  which  have  an  unlimited 
space  for  root  development.  Also,  moving 
potted  plants  from  one  location  to  another, 
and  outplanting  into  the  field  brings  about  a 
sudden  change  in  environment  which  is  not 
without  consequence.  In  addition,  grafting 
directly  onto  stock  in  the  field  will  save  a 
great  deal  of  preparatory  work  which  is 
necessary  for  grafting  on  potted  stock. 

Healthy,  2- to  3-year-old  slash  pines  make 
the  best  understock.  A  1-  to  2-year-old  plan- 
tation on  a  good  site  is  ideal  for  field  grafting. 
It  provides  uniform  stock  which  is  spaced 
evenly.  Before  grafting  begins,  the  plants 
which  are  to  serve  as  understock  can  be  freed 
from  competing  vegetation  and  fertilized. 

Grafting  can  be  started  as  soon  as  active 
growth  of  the  stock  begins.  This  can  easily  be 
determined  by  the  new  root  activities  and  by 
the  growth  of  the  buds. 


Use  rubber 
band  to  hold 
side  branches 
and  needles 


Make  cut  here 


W/^., 
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Best  results  will  be  obtained  if  the  development  of  the  stock  is  further  advanced  than 
that  of  the  scion.  For  greenhouse  grafting,  the  stock  plants  can  be  forced  into  active 
growth  by  gradually  raising  the  temperature  of  the  house.  In  a  lathhouse,  the  soil 
temperature  within  the  pots  can  be  raised  by  thermostatically  controlled  lead-sheathed 
heating  cables.  For  field  grafting,  where  the  start  of  the  active  growth  of  the  stock 
cannot  be  controlled,  the  development  of  the  scions  can  be  held  back  by  storing  them 
in  a  refrigerator  for  a  few  weeks.  If  the  development  of  the  scion  is  further  advanced 
than  that  of  the  stock,  the  scion  will  start  to  draw  water  before  the  stock  can  supply  it. 

Collect  the  scions  from  the  outer  edge  of  the  upper  half  of  the  crowns.  The  distal 
ends  of  the  primary  branches  make  good  scion  material.  Slash  pines  have  several 
growth  periods  during  one  growing  season.  This  frequently  results  in  the  formation 
of  bends  in  the  shoots.  If  possible,  make  grafting  cut  through  the  natural  "elbow"  as 
illustrated.     Start  cut  some  3  to  5  inches  from  bud  of  scion. 
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Select  a  section  on  the  stock  where 
the  diameter  is  large  enough  to  support 
the  scion.  The  part  of  the  stock  on 
which  the  cut  is  made  has  to  be  free 
of  overgrown  wounds,  insect  attacks, 
and  branch  stubs.  Prepare  cut  with  a 
single  drawing  motion;  this  will  leave 
a  flat,  smooth  surface.  Always  keep 
cuts  on  scion  and  stock  clean.  Match 
stock  and  scion  promptly  to  prevent 
drying  out  of  the  surfaces. 

After  binding,  check  alignment  of 
stock  and  scion. 

For  grafting  directly  on  stock  in 
the  field,  place  graft  on  the  north  or 
shaded  side  of  the  stock  where  the 
branches  and  needles  of  the  plant  it- 
self will  provide  shade. 


[Match  cambi 
stock  and  SCI 
press  firmly 


urn  of 
on- 


STEPS 


Brush 


Tie  union  firmly 
with  rubber  band 
as  illustrated 
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STEP  6. 

Inseri  end  of 
scion  in  container 
filled  with  water. 
Tape  firmly  to 
stock 


STEP! 

After  union  le 
formed,  cut  off 
top  of  stock  and 
end  of  scion 

Co\/er  cuts  witH 
(^ra-fting  wax 


Ncut 


Keep  bottle  filled  with  clean  water.  If  bacterial  or  algal  growth  starts  to  clog 
the  absorbing  surface  of  the  scion,  remove  bottle  and  wash  out  all  dirt.  Before 
replacing  bottle,    clip  off  about  one -half  inch  from  the  base  of  the  stock. 

After  the  grafts  have  been  made  for  a  period  of  2  to  3  weeks,  the  remainder 
of  the  stock  branches  above  the  union  should  be  removed  gradually.  The  speed  of 
removal  of  the  excess  foliage  depends  upon  the  vigor  and  condition  of  the  Individ - 
ual  plants,  but  in  most  instances  can  be  completed  some  10  to  14  weeks  after 
grafting.  Make  final  cuts  as  illustrated  to  allow  the  grafted  scion  to  become  the 
leader.  A  loose  binding  with  grafting  tape  over  the  newly  formed  union  is  desir- 
able to  protect  it  against  wind  breakage.  Also,  the  grafts  should  be  staked  if 
additional  support  is  needed. 
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VBNEER  GRAFT 

STEP  I. 


5TEP  3. 

Ali<gn  cambium 
of  sbck  and 
scion  accurately 


Bind  firmly  wiih 
iraffin^  rubber- 
Itart  below  cuY 
and  work  upward 


STEP  2. 

Make  lip  cut  on 

stocK  to  ho\d 

scion 


^jV  Make  cut  on 
tr     stock  same 
length  as  sci'on' 


Basal  notch 
to  hold  scion 


This  type  of  graft  can  be 
used  when  only  short  scion 
material  is  available.  In  field 
grafting,  the  only  successful 
unions  were  obtained  when  a 
sweat  box,  as  illustrated  on 
page  17,  was  placed  over  the 
grafts.  Placing  the  potted 
grafts  in  a  closed  frame  in  a 
greenhouse  was  also  bene- 
ficial. It  is  especially  impor- 
tant in  this  type  of  graft  that 
the  cuts  be  made  with  single, 
clean  strokes. 
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Brubh 


STEP  4. 

Cover  union  with 
rafting  taf^e 
nd  way. 


After  union  is  bound  with  grafting  rubbers, 
check  alignment  of  the  growth  layers  on  stock 
and  scion,  as  a  scion  slips  occasionally  dur- 
ing binding.  When  there  is  a  difference  in  the 
diameter  between  stock  and  scion,  the  cam- 
bium of  the  stock  and  scion  should  be  aligned 
accurately  on  one  side. 


The  cutting  back  of  the  stock  and  the  rebinding  of  the  union  should  follow 
the  same  pattern  as  described  in  page  13. 

Clippers  of  the  anvil  type  have  been  found  best  in  our  grafting  work. 
Pruning  shears  do  not  leave  a  clean  cut. 

The  grafting  wax  can  be  heated  over  a  portable  lamp  for  field  grafting 
or  on  a  hot  plate  for  greenhouse  and  lathhouse  grafting.  Be  careful  and 
do  not  apply  wax  in  too  hot  a  condition.  Test  before  using  it.  Most  wax 
heating  lamps  have  an  open  flame,  and  caution  should  be  taken  to  avoid 
starting  grass  fires. 
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CLeFT   GRAFT 

STEP  I. 

Make  vertical  cuf 

With  rocKin<|  motion 

oi  knife  to  prevent  spliiiin^ 


STEP  2. 

Cut  ba^e  of 
scion  into 
wed^e  s>hap^ 
vutth  cirawina  / 
motion   -^.J/ 


5TEP5. 

Porce  scion  in- 
to cleft  and 
d\\%rt  the 
cambium  layers 
of  stock  and  scwn-x  j 


1 1    Leave  side 
branches  beloi*^ 
cut 


i^///.,  .^^..!  /  A  ^i¥0Cx-' 


-^^ 


IMPORTANT 

Cover  top 
completely 
with  wax 


^TEP4. 

Bind  with  <2raftin<^ 
rubber -cover  with 
<2raftin<3,  tape  and 
voax  entire  union 


Leave  side 
Dranches 


-..JM 


iimUii^i 


Cleft  grafts  with  lignified  stock  tissue 
gave  poor  results  with  slash  pine.  This 
method  should  only  be  attempted  in  a 
greenhouse  or  under  a  shaded  sweat  box 
in  the  field. 

One  to  several  side  branches  with 
green  foliage  should  be  left  below  the  cut 
surface.  This  green  foliage  will  act  as  a 
pump  in  supplying  water  and  nutrients 
from   the   roots  of  the  stock  to  the  scion. 

This  method,  however,  permits  use 
of  stock  plants  which  are  not  suitable  for 
any  of  the  other  types  of  grafts.  Also,  no 
further  cutting  back  of  the  stock  plants 
is  necessary  after  the  graft  is  made. 

Cleft  grafts,  in  general,  make  very 
strong  unions. 
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SWEAT  BOX   FOR  FIELD  GRAFTING 


Drive  stake 
next  to  (jraff 


Place  a  4"  layer  of 
wet  peat-savodusi 
mulch  around  base 
of  stock 


c^'*^-^ 


staple 
waterproof 
pa per  to 
stake 


Co^zx  t"op  with  pane  of  <^^sss 
place  handful  of  pine 
straw  to  shade 


Cut-a-way 
section 

to  show 
interior 
of  sw6at 


Placing  both  veneer  and  cleft  grafts 
in  a  humidity  chamber  increases  the 
number  of  successful  unions.  In  a 
greenhouse,  a  conventional  closed 
frame  can  be  used,  and  for  field 
grafting  the  portable  sweat  box  as 
illustrated   was    found    satisfactory. 

The  humidity  chambers  should  re- 
main closed  for  the  first  10  days,  after 
which  time  they  can  be  opened  for  a 
short  period  each  day.  Remove  com- 
pletely 5  weeks  after  grafting.  The 
temperature  within  the  humidity 
chambers  must  be  kept  low  by  either 
whitewashing  the  greenhouse  or  by 
shading  them  in  the  field. 

Do     not     use     for     bottle     grafts. 


'^  Bank  sawdust  around 
Dottom  of  sweat  box 
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HOW  TO  REMOVE  GRAFTING  RUBBER  AND 
TAPE  AFTER  UNION  IS  COMPLETED 
For   all  types   of  grafts 


Cut  on  opposite 
sidc>  of  <graft. 
Use  sharp  razor 
iDlade 

/ 


VJa%  cut 


/^l 


Bind  union 
loosely  with  tape^ 


iW 


Wax  cut 


The  unions  should  be  watched  carefully  for  signs  of  strangulation  by  the  bind- 
ing. After  the  union  has  formed,  the  binding  is  removed  by  cutting  it  on  the 
opposite  side  of  the  graft  with  a  sharp  razor  blade  as  illustrated.  The  cutting 
edge  should  be  wiped  clean  with  alcohol  frequently  to   remove   the   grafting  wax. 

The  union  should  be  bound  loosely  with  tape  to  strengthen  it  against  wind 
breakage.  When  the  final  cut  is  made  on  the  stock,  care  should  be  exercised 
to  prevent  the  breaking  loose  of  the  newly  formed  callus  tissue.  The  final  cut(s) 
should  have  a  slanted  surface.  Use  very  sharp  clippers.  Grafting  wax  should 
be  applied  to  these  cuts  to  prevent  drying  out  and  checking  of  the  wound. 
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INARCHING  SEEDLING  INTO  MATURE  TREE 


STEP! 


STEP  2. 


Seedrmg" 


Use  coHon  to  prevent- 
stran^ulation 


Tie  with 
rubber  band 


Cover  with 
Polv  ethylene 
plastic  ba^ 


Cover  with  kraft 
paper  ba^  to 
prevent  heating 
of  root  '5'ystem 


Pack  moist  peat 
moss  around  roots 


Leave  enouoti  cord  t^  ^ 
tie  to  brandi  of  ^ 

mature  tree. 


Seedlings  with  bare  root  systems  have  been  successfully  grafted  into  the 
upper  and  lower  portions  in  crowns  of  mature  slash  pines.  Grafting  should 
be  done  during  February,    March,    or  April. 
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STEPS. 


Branch  of  mature  tree 


Tie  firmly  to  branch 


Press  cut  sur- 
faces ti<^htly 
together 


Make  a  ^"  cut  on 
seedling  and  branch 
for  approach  graft 


Make  cut  on  seedling  down  to  pith.  If  possible 
prepare  cut  on  branch  to  match  cut  on  seedling  in 
1 -year -old  wood. 

With  the  method  illustrated,  the  stresses  between 
the  graft  partners  at  the  union  are  negligible  because 
the  entire  graft  can  swing  freely  with  the  wind. 
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STEP  S. 

kfier  union  is  tied  together 
wi+h  ^rafflncj  rubber,  cover 
o\jer  vuiih  (gra-ffing  tape 

WAX  EMTIRE  UMlOKi 
6»e  sure  that  top  and 
t>ottom  is  completely 
sealed 


STEP  7 

|os«^  binding 
hend  of  ^ 
to  strengthen 
st  wine 


The  binding  should  be  removed  after  10  to  14  weeks  to  ensure  against 
strangulation,  using  the  method  as  illustrated  on  page  18.  At  this  time 
the  end   of  the  branch  and  the  root  system   of   the  seedlings   are   cut  off. 
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GENERAL  HINTS 


All  equipment  used  in  vegetative  propagation  must  be  in  excellent  con- 
dition. Success  often  depends  upon  the  condition  of  the  knives  and  clippers. 
Keep  these  tools  sharp  and  clean  at  all  times. 

The  necessary  equipment  for  grafting  can  be  ordered  from  commercial 
nursery  supply  houses. 

Various  safety  precautions  are  necessary.  All  work  with  sharp,  pointed 
implements  is  hazardous,  especially  when  done  in  the  crowns  of  trees.  The 
following  hints  should  be  helpful: 

Do  not  place  the  grafting  knife  with  the 

sharp  edge  facing  upward. 
Always  hold  hands  in  a  position  where 

a  slip  of  the  knife  can  not  inflict  an 

injury  (see  page  12). 
When  working  in  the  tops  of  trees,   use 

a  safety  belt  or  safety  saddle. 

Shading  the  newly  established  grafts  will  be  beneficial.  Potted  plants  can 
be  placed  under  the  partial  overhead  shade  of  a  forest,  or  under  a  lath- 
house.  In  field  grafting,  partial  shade  can  be  provided  by  putting  palmetto 
fronds  around  the  graft,  or  by  placing  a  sack  over  a  temporary  post  and 
slanting  it  to  shade  the  scion  during  the  hottest  part  of  the  day. 
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HETEROPIASTIC  MICROGRAFTING  OF  SLASH  PINE 


by 

Francois  Mergen— ' 
Southeastern  Forest  Experiment  Station 
Lake  City,  Florida 


INTRODUCTION 


The  time  interval  between  successive  generations  of  slash  pine 
hybrids  presents  a  great  problem  to  the  tree  breeder.   Under  natural 
conditions  slash  pine  trees  flower  at  the  age  of  10  to  15  years.   Occa- 
sionally flowers  are  produced  at  an  earlier  age.   In  order  to  shorten 
the  time  required  to  produce  a  new  progeny,  it  is  necessary  to  obtain 
the  pistillate  and  staminate  flowers  as  early  as  possible.  The  inia- 
tion  of  reproductive  organs  is  stimulated  by  certain  hormones,  and 
their  further  development  is  controlled  by  a  proper  balance  of  the 
assimilation  products. 

In  this  study  an  attempt  was  made  to  induce  flower  formation 
in  young  seedlings  by  grafting  succulent  slash  pine  seedlings  on  seed- 
lings of  another  species,  genus,  or  family.   Grafting  upsets  the  har- 
monious transfer  of  plant  solutes,  and  this  interference  with  the 
normal  metabolic  process  might  induce  flower  production  in  slash  pine 
seedlings  during  the  succulent  stage.  As  no  information  was  available 
on  the  possible  intergeneric  graft  combinations  of  slash  pine,  the 
first  objective  of  the  study  was  to  find  out  whether  or  not  slash  pine 
seedlings  could  be  grafted  on  seedlings  of  another  genus.  The  main 
objective,  however,  was  the  early  formation  of  reproductive  organs  during 
the  primary  stage  of  slash  pines  to  shorten  the  time  span  between  two 
consecutive  generations. 


1/  This  article  is  based  on  part  of  a  dissertation  entitled 
"Rooting  and  Grafting  of  Slash  Pine  (Pinus  elliottii  Engelm. )  for 
Application  in  Forest  Tree  Genetics,"  submitted  to  the  Graduate  School 
of  Yale  University  in  partial  fulfillment  of  the  requirements  for  the 
degree  of  Doctor  of  Philosophy. 


REVIEW  OF  LITER/VTURE 


In  grafting,  a  scion  is  transplanted  on  a  new  plant  and  it 
eventually  replaces  the  "crown"  of  the  stock.   Its  needles  carry  on 
photosynthesis  and  the  stock  plant  is  supplied  with  these  carbohydrates. 
The  stock  supplies  the  necessary  water  and  mineral  elements,  but  it  is 
entirely  dependent  upon  the  scion  for  its  organic  materials.  This 
form  of  plant  development  presents  a  typical  case  of  artificial  sym- 
biosis (ll) . 

The  method  of  grafting  is  called  micrografting  when  the  stock 
and  scion  are  young  succulent  seedlings  in  or  recently  past  the  cotyle- 
don stage  (18). 

Natural  grafts  between  individuals  of  the  same  species  are 
occasionally  observed  and  some  heteroplastic  natural  grafts  have  been 
reported.   Derickson  (2)  described  a  union  between  a  member  of  the  rose 
family  and  a  member  of  the  beech  family.  A  case  of  a  graft  between  the 
stem  of  a  dicotyledonous  vine  and  that  of  a  monocotyledon  was  also  re- 
ported by  Herbert  (_3),  but  there  were  no  vascular  connections. 

The  root stock  on  which  a  scion  is  grafted  influences  the  scion 
in  many  ways.   It  exerts  a  marked  influence  on  its  growth  rate  (19), 
affects  the  age  at  which  the  first  flowers  are  produced  (lO),  determines 
susceptibility  to  certain  tree  diseases  (iM)   and  controls  the  concen- 
tration of  chemical  constituents  in  the  plant  solutes  (15).  Roach  and 
Bolas  (16)  presented  results  of  the  effect  of  rootstock  on  the  mineral 
composition  of  the  leaves  of  an  apple  tree.  A  large  number  of  minerals, 
such  as  calcium,  magnesium,  potassium,  iron,  and  strontium,  varied  in 
concentration  with  the  various  rootstocks. 

The  "ripeness-to-flower"  was  described  by  Klebs  (7)  as  a  distinct 
physiological  stage  in  the  flowering  of  higher  plants.  The  shortening 
of  this  stage  is  of  great  importance  to  plant  breeders.  A  certain 
variety  of  sweet  potato  does  not  flower  normally  in  the  United  States, 
but  recently  some  horticulturists  have  been  able  to  induce  flowering  by 
heteroplastic  grafting  (6).  Flowering  occurred  only  when  the  stock 
plant  was  a  species  with  non-storage -type  roots.   The  authors  concluded 
that  the  flower  development  was  associated  with  an  accumulation  of  reserve 
materials  in  the  parts  above  the  ground.   Herrmann  (h,   _5)  reported  a  sole 
instance  of  male  flower  production  on  a  15-month-old  Pinus  montana.   This 
premature  catkin  was  formed  by  grafting  the  P.  montana  seedling  on  a 
Picea  excelsa  seedling.   He  postulated  that  the  reason  for  this  phenomenon 
might  be  the  result  of  an  accumulation  of  assimilation  products  above  the 
union  as  a  result  of  disharmony.   He  did  not  exclude  possible  effects  of 
other  factors. 
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EXPERIMENTAL  METHODS 


Young  slash  pines  ranging  between  1.5  and  6  months  in  age  were 
grafted  on  11  different  rootstocks.   The  attempted  graft  combinations 
are  summarized  in  table  1.   The  original  plan  called  for  10  grafts  of 
each  combination.   The  supply  of  rootstock  was  insufficient  for  some 
combinations,  while  a  surplus  of  Chamaecyparis  obtusa  (Sieb.  and  Zucc.) 
Endl.,  and  ponderosa  pine  was  on  hand. 

Most  of  the  seedlings  used  for  grafting  stock  were  raised  in 
the  Olustee  Experimental  nursery  and  at  the  time  of  grafting  were  h 
months  old.   The  Norway  spruce,  white  spruce,  European  larch,  C.  obtusa, 
and  white  pine  seedlings  were  obtained  from  commercial  nurseries,  and 
were  at  least  2  years  old  at  the  time  of  grafting.  Attempts  to  grow 
the  northern  species  from  seed  in  the  nursery  failed,  possibly  as  a  re- 
sult of  the  high  summer  temperatures.   The  potted  seedlings  were  moved 
into  the  greenhouse  during  the  middle  of  December  to  stimulate  active 
root  growth.  The  seedlings  for  scion  material  were  started  at  periodic 
intervals  in  veneer  plantbands,  so  that  they  could  attain  suitable  sizes 
for  the  various  graft  combinations.   The  first  grafts  were  attempted 
during  the  middle  of  January. 

Grafting  on  6-month-old  understock  was  a  very  precarious  opera- 
tion, as  in  many  instances  the  stock  plant  was  less  than  1  mm.  in  diam- 
eter at  the  ground  line.   Some  of  the  seedlings  were  still  in  or  just 
past  the  cotyledon  stage  (fig.  l).   The  procedure  used  in  the  micro- 
grafting  of  the  young  slash  pines  of  the  6-month-old  conifer  seedlings 
was  as  follows:   The  slash  pine  seedling  used  as  the  scion  was  cut  off 
about  one  inch  above  the  ground  line  and  dipped  immediately  into  a 
beaker  of  tap  water.   With  several  drops  of  water  adhering  to  the  hypo- 
cotyl,  the  lower  one-third  of  the  stem  was  cut  into  a  wedge  shape  with 
a  razor  blade.   An  incision  was  made  in  the  hypocotyl  of  the  stock. 
The  cut  was  located  just  below  the  cotyledons  and  was  slanted  inward 
until  the  center  of  the  hypocotyl  was  reached,  thence  parallel  to  the 
axis  of  the  stem  and  just  long  enough  to  permit  the  complete  embedding 
of  the  wedge-shaped  part  of  the  scion.   Holding  the  cut  open  with  a 
fine  glass  needle,  the  scion  was  pushed  into  the  side  slit  and  was  tied 
in  place  with  waxed  nylon  thread.   With  a  camel  hair  brush,  grafting 
wax  was  spread  over  most  of  the  graft.  A  small  strip  along  the  back 
of  the  union  was  left  uncovered,  leaving  the  binding  exposed  along  the 
opposite  side  of  the  union  to  permit  observation  of  growth  of  the  stem. 

A  layer  of  moist  peat  moss  was  placed  around  the  base  of  the 
stock  to  provide  a  good  seal  for  the  glass  jars  which  were  placed  over 
the  finished  grafts.   They  were  kept  for  3  weeks  in  a  cool  shaded  place 
in  an  unheated  building  before  they  were  moved  into  the  greenhouse. 
The  glass  of  the  greenhouse  had  been  whitewashed  to  exclude  direct 
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Figure  1. --Completed  micrograft  of  1-month-old  slash  pine  on  Douglas-fir 

seedling  (photographed  3  weeks  after  grafting). 
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insolation.   The  glass  jars  were  kept  in  place  for  3  weeks,  at  which 
time  they  were  removed  for  short  periods  each  day.   They  were  completely 
removed  after  8  weeks.   The  speed  of  removal  depended  somewhat  on  the 
type  of  graft  combination  and  growth  rate  of  the  scion.   As  soon  as  the 
growth  of  the  stem  started  to  embed  the  ties,  they  were  severed  with 
great  care. 

Whenever  the  initial  cut  into  the  stock  plant  went  too  deep,  the 
decapitated  stock  was  prepared  for  either  a  saddle,  cleft,  or  whip  graft. 
The  typing  and  waxing  were  the  same  for  these  grafts  as  for  those  des- 
cribed above.  A  magnifying  glass  mounted  on  a  stand  was  helpful  to 
gauge  the  cuts  in  micrografting. 

When  slash  pine  scions  were  grafted  on  2-year-old  stock,  a 
cleft  or  a  slit  method  was  used,  depending  on  the  location  of  the  union. 
These  grafts  were  also  covered  with  waterproof  transparent  containers  to 
reduce  transpiration.  In  some  instances  where  the  grafts  were  too  large 
to  be  covered  by  available  jars,  a  plastic  sausage  casing,  closed  at  one 
end,  was  placed  over  the  plant. 

The  gradual  removal  of  the  foliage  from  the  stock  plant  varied 
with  the  various  graft  combinations.   Loblolly  pine  stock  showed  the 
fastest  recovery  from  the  grafting  shock,  and  after  5  days  the  tropistic 
movement  of  the  top  started  to  push  the  scion  aside.   In  most  cases 
the  foliage  of  the  stock  above  the  union  had  been  removed  2  months  after 
grafting. 

During  the  middle  of  May  the  successful  grafts  were  moved  from 
the  greenhouse  into  a  shade  house  and  kept  under  partial  shade  during 
the  hot  part  of  the  early  summer.  A  wire  support  was  placed  next  to 
each  graft  for  protection  against  wind -breakage . 
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RESULTS 


The  number  of  successful  unions  alive  1  year  after  grafting 
varied  widely  with  the  different  graft  combinations.   In  some  instances 
excellent  results  were  obtained.   Table  2  summarizes  the  established 
grafts  of  slash  pine  with  other  species.  A  large  number  of  graft  com- 
binations became  established  but  died  at  various  intervals.   In  many 
instances  death  of  the  stock  caused  failure.  For  instance,  the  needle 
buds  of  European  larch  were  fully  open  during  the  middle  of  February, 
but  all  plants  died  during  the  warm  summer  months.   Even  ungrafted 
plants  of  larch,  which  were  kept  in  a  shaded  place,  were  unable  to  live 
through  the  hot  part  of  the  summer. 

Most  of  the  scions  grafted  on  Chamaecyparis  obtusa  survived 
for  several  months  and  added  some  growth,  but  were  not  able  to  survive 
after  the  jars  were  removed.   One  scion  survived  for  a  period  of  8 
months.   The  growth  of  several  graft  combinations  is  discussed  in  the 
photo  captions  on  the  following  pages. 

Table  2. --Summary  of  successful  graft  combinations  with 
slash  pine  scions,  1  year  after  grafting 


Stock 


: Attempted:  Successful 
:   grafts  :    grafts 


Average  height 
of  scions 


Slash  pine 
Loblolly  pine 
Pitch  pine 
Ponderosa  pine 
White  pine 
Douglas -fir 
White  spruce 
Norway  spruce 


Number 

Number 

Inches 

10 

9 

8.3 

3 

3 

6.5 

1 

1 

5.6 

18 

8 

5.0 

2 

1 

u.o 

8 

2 

k.2 

5 

k 

3.5 

k 

3 

2.2 
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Figure  2. --Slash  pine  on  slash 
pine,  photographed  k   months  after 
grafting.   The  seedlings  grafted 
on  slash  pine  ranged  from  1  to  i+ 
months  in  age.   Grovth  of  the 
scion  started  right  after  graft- 
ing, and  normal  development  con- 
tinued throughout  the  growing 
season.  The  height  of  the  scions 
ranged  from  h   to  10.3  inches  with 
in  a  year  after  grafting.  The 
woiind  healing  was  very  rapid  and 
in  several  instances  the  place  of 
union  was  almost  indiscernible. 
In  one  case,  however,  where  the 
scion  was  only  h   inches  tall 
after  1  year,  a  faulty  union  was 
present.  From  this  faulty  union 
•two  root  primordia  were  growing 
from  the  base  of  the  scion.  The 
color  change  of  the  foliage  diirin 
the  winter  months  proceeded  at 
the  same  rate  as  that  of  the  seed 
lings  in  the  nursery. 
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Figure  3- --Slash  pine  on  ponderosa 
pine,  photographed  k   months  after 
grafting.   Grafting  of  1.5-  to  2- 
month-old  seedlings  on  very  small 
ponderosa  stock  resulted  in  80- 
percent  success.  After  a  period 
of  12  months,  only  50  percent  were 
alive.   Despite  the  large  number 
of  successful  unions,  the  subsequent 
growth  of  the  scion  was  slow,  rang- 
ing from  3' 5  to  6.5  inches  within  a 
year.   The  tissues  were  very  tender 
and  were  severely  attacked  by  in- 
sects.  In  many  cases  the  foliage 
dwindled  during  the  fall  and  only  a 
small  tuft  of  needles  remained  by 
December.  The  foliage  turned  rusty 
in  the  early  part  of  October,  and 
in  many  cases  no  green  foliage  was 
left  on  the  scion.   Under  north 
Florida  conditions  slash  pine  seed- 
lings turn  rusty  during  the  winter 
months,  but  the  grafts  changed  color 
at  least  8  weeks  before  ungrafted 
seedlings  or  seedlings  grafted  on 
slash  pine  stock. 


Figure  ^4-. --Slash  pine  grafted  on  eastern  white  pine,  photographed  2  months 
after  grafting.   Of  the  two  grafts  attempted,  one  graft  developed  into  a 
successful  combination.  The  union  between  the  two  symbionts  initially 
healed  over  slowly  but  after  10  months  callus  growth  had  completely  covered 
the  wound.  The  scion  was  k   inches  high  at  the  end  of  the  first  growing 
season,  had  a  vigorous  appearance,  and  the  foliage  turned  color  several 
weeks  before  natural  slash  pines  did. 
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Figure  5' --Slash  pine  grafted  on  white  spruce,  photographed  2  months  after 
grafting.   Four  out  of  five  attempts  to  graft  2~month-old  seedlings  on 
white  spruce  stock  survived.   The  unions  were  successful  but  the  growth  of 
the  scion  was  very  slow.   The  height  of  the  scions  after  the  first  growing 
season  ranged  from  2.5  to  5-5  inches.   The  development  of  secondary  needles 
was  retarded  so  that  two  of  the  seedlings  still  had  their  primary  needles 
after  the  first  growing  season.   The  foliage  changed  color  very  early  dur- 
ing the  autumn.   In  one  graft  combination  the  knitting  of  the  union  was 
poor  and  bridging  of  the  layers  was  apparent  only  on  one  side.   The  other 
side  had  died.   A  rootlet  5  n™«  long  had  developed  at  the  place  of  union 
and  had  started  to  grow  downward. 
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Figure  6. --Slash  pine  grafted  on 
Douglas -fir,  photographed  h   months 
after  grafting.  Eight  slash  pine 
scions,  ranging  in  age  from  1 
month  to  2  months,  were  grafted  on 
Douglas-fir  stock  1  mm.  thick.   Six 
of  these  combinations  survived  for 
2  months,  at  which  time  four  of  the 
stock  plants  died.   At  the  end  of 
the  growing  season  there  were  two 
grafts  still  alive.   Those  alive 
were  grafted  when  the  seedlings 
were  1  month  old.   The  union  be- 
tween the  symbionts  was  strong  and 
well  callused  over.   One  of  the 
scions  had  both  primary  and  secon- 
dary needles,  while  only  primary 
needles  had  developed  on  the  other 
graft.  Heights  of  the  scions  were 
3.0  and  5-^  inches.   Color  change 
of  the  foliage  took  place  early  in 
October. 
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Figure  7 '--Slash  pine  grafted  on  Chamaecyparis  obtusa,  photographed  k   months 
after  grafting.   Out  of  a  total  of  12  attempts,  3  grafts  lived  for  6  weeks 
and  1  graft  survived  for  a  period  of  8  months.  The  foliage  of  the  scion 
dried  out  and  withered  away.   The  graft  unions  were  very  poor  and  possibly 
did  not  supply  enough  water  to  the  scion. 
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The  results  clearly  indicate  that  heteroplastic  grafting  of 
succulent  slash  pines  is  physiologically  possible.   In  many  cases  the 
failures  were  the  result  of  mechanical  difficulties  or  inability  of 
the  stock  plant  to  live  under  the  subtropical  climate  of  Olustee, 
Florida.  Flower  formation  in  the  primary  stage  was  not  observed. 
None  of  the  grafts  flowered  within  a  year's  time  after  grafting. 


DISCUSSION 


Intergeneric  and  intrageneric  grafting  of  young   slash  pine 
seedlings  is  physiologically  possible.   The  large  number  of  successful 
graft  combinations  was  probably  the  result  of  grafting  at  an  early 
developmental  stage.  The  young  scion  material  was  succulent,  no 
lignification  of  the  tissues  had  taken  place,  and  most  cells  were 
still  in  an  active  meristematic  stage. 

None  of  the  grafts  flowered  d\iring  the  first  year  after  graft- 
ing.  If  flower  formation  can  be  brought  about  by  heteroplastic  graft- 
ing, one  of  the  many  combinations  attempted  should  have  succeeded.   The 
early  flowering,  however,  is  not  always  dependent  upon  the  type  of 
root stock.  Theoretically,  any  union  which  restricts  the  normal  trans- 
location of  plant  solutes  can  stimulate  flowering.   Krenke  (9)  illus- 
trated this  point  by  giving  an  example  of  an  experiment  with  Diospyros 
kaki  L. ,  in  which  grafting  per  se  influenced  flowering.   This  species 
produces  flowers  at  the  age  of  B~to  10  years.  When  grafted  on  Diospyros 
lotus  L.  stock,  it  flowered  in  the  second  or  third  year.   However,  a 
similar  reduction  of  time  necessary  to  attain  the  "ripeness-to-flower" 
stage  was  obtained  by  an  autoplastic  graft  of  Diospyros  kaki  L.   In  this 
case,  the  graft  had  an  effect  on  metabolism  similar  to  that  obtained  by 
partially  girdling  the  stem.   Partial  girdling  or  ringing  has  been  used 
successfully  in  orchard  management  to  induce  the  formation  of  fruits  at 
points  above  the  girdle  (l?)*  The  single  observation  of  a  staminate 
flower  on  the  15-month-old  Pinus  montana  graft  which  was  reported  by 
Herrmann  (h,   ^)  might  not  have  been  the  result  of  the  heteroplastic 
nature  of  the  graft,  but  could  be  due  to  the  effect  of  the  graft  union 
itself.   Of  a  large  number  of  grafts  and  graft  combinations  which  Herr-  . 
mann  tested, early  flower  production  was  obtained  in  one  instance  only.—/ 
This  may  have  been  a  botanical  curiosity. 


2/  Personal  correspondence  with  Herrmann,  1953* 
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The  foliage  of  the  scion  partners,  grafted  on  the  rootstock  of 
another  species  or  genus,  turned  rusty  early  during  the  winter  season. 
This  color  change  is  due  to  anthocyanin  and  related  substances.  The 
production  of  these  pigments  is  influenced  by  internal  as  well  as  ex- 
ternal characteristics.   In  plant  nutrition,  the  reddish  pigmentation 
of  the  foliage  can  be  an  indication  of  a  nitrogen  deficiency  (l). 
Another  important  factor  regulating  anthocyanin  production  is  the  car- 
bohydrate content  of  the  foliage.   Molisch  (ll)  concluded  from  obser- 
vations on  mechanically  injured  grapevines  that  the  large  amount  of 
carbohydrates  which  had  accumulated  above  the  girdle  caused  an  early 
and  strong  anthocyanin  formation.  A  high  starch  concentration  is 
frequently  present  above  a  graft  union  ( 12 ) .   The  rusty  color  of  some 
of  the  scions  probably  indicated  a  high  C/N  ratio  in  the  foliage.   If 
this  was  the  case,  the  nutritional  factors  for  abundant  flowering  were 
favorable  according  to  Kraus  and  Kraybill  (8),  but  the  factor  or  fac- 
tors which  tip  the  balance  to  transform  vegetative  growth  to  flower 
formation  (13)  were  not  present. 

The  grafts  will  be  kept  under  observation  to  see  when  the 
first  flowers  are  formed.   It  is  possible  that  heteroplastic  grafting-- 
although  not  suitable  to  induce  flowering  in  1-  to  2-year-old  seedlings- 
can  induce  premature  flowering. 


CONCLUSION 


The  premise  that  early  flower  formation  can  be  brought  about 
in  young  slash  pine  by  heteroplastic  grafting  was  neither  proved  nor 
disproved  by  this  study.   No  signs  of  flowers  had  developed  after  1 
year,  but  it  should  be  most  interesting  to  follow  the  growth  of  these 
grafts  in  the  next  few  years.   The  fact  that  a  large  number  of  scion- 
stock  combinations  was  successful  presents  a  good  basis  for  future 
research  along  this  general  line.   The  micrografting  technique  used  in 
this  experiment  should  also  be  of  interest  to  students  of  plant  nutri- 
tion and  plant  metabolism. 
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FOREWORD 


In  recent  years  forestry  has  gained  a  permanent 
position    among  the  industries   of  the  South  and   the 
importance  of  the  southern  pines,   including  shortleaf 
pine,  has  increased  considerably.    Untilnow  there  has 
been  no  connplete  collection  of  information  about  this 
species.     The  following   collection  of  references, 
listed  by  subject  matter  and  author,  was  compiled  to 
fill  this  gap.     It  is   hoped  it  will  be  useful  to  all 
foresters  working  with  shortleaf  pine. 

The  author  wishes  to  acknowledge  the  many 
helpful  suggestions  from  members  of  the  Southeastern 
and  other  Experiment  Stations,    as  well  as  from  the 
USDA  Library,    Washington,    D.    C.     Special  acknow- 
ledgment is  due  to  Keith  W.   Dorman  and  Ivan  H.   Sims, 
whose  Loblolly  Pine  Bibliography  served  as  a  guide 
for  this  publication. 
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Compiled  by 

Glenn  P.    Haney 
Piedmont  Research  Center,   Union,   S.   C. 


Shortleaf  pine,   Pinus  echinata,    Mill.  ,   is  one  of  the  four  pine 
species  commonly  referred  to  as  southern  yellow  pine.    It  comprises 
about  one -fourth  of  the  total  volume  of  pine  timber  in  the  South.     Its 
botanical  range  extends  from  New  Jersey  to   Texas   and  Oklahoma, 
occurring  in  some  22  states.  Shortleaf  pine  is  commercially  important 
in  the  Piedmont  region  of  Virginia,   North  Carolina,  South  Carolina,  and 
Georgia;  in  the  northern  portions  of  Alabama  and  Mississippi;  along  the 
western  foothills  of  the  Appalachians  in  Tennessee,   Kentucky,    and  West 
Virginia;  and  in  eastern  Texas,    southeastern  Oklahoma,   southwestern 
Arkansas,    and  northwestern  Louisiana.     In  recent  years  shortleaf  pine 
has  become  an  important  planting  species  in  southern  Indiana,   Illinois, 
and  Missouri.     This  bibliography  was   prepared  in  order  to  gather 
together  a  list  of  the  mciny  references  pertaining  to  this  species.     It 
covers  the  literature  approximately  from  1900  to  June  1954. 

Information  concerning  shortleaf  pine  may  be  found  in  a  wide 
variety  of  publications  including  technical  journals,  trade  journals,  and 
farm  magazines.    Some  articles  therefore  are  of  a  popular  nature,  while 
others  are  technical  accounts  of  research  studies.     Readers  having  a 
general  knowledge  of  the  periodicals  will  be  able  to   estimate  whether 
treatment  is  technical  or  popular. 

The  subject  matter  divisions  have  been  made  rather  broad  in  order 
to  keep  the  bibliography  as  simple  as  possible.    The  divisions  used  are 
the  same  as  those  used  in  the  Loblolly  Pine  Bibliography  published  by 
the  Station  in  1949.    All  citations  appear  in  each  division  in  alphabetical 
order  by  author.     The  final  section  is  an  alphabetical  author  list. 

In  compiling  this  bibliography,  a  reference  was  not  cited  more  than 
twice.     For  example,   an  article  on  the  effects  of  fire  on  reproduction 
appears  under  the  head  Effect  of  Fire  as  well  as  under  Regeneration. 
Tables  of  volume  growth,  and  yield  appear  under  both  Forest  Management 
and  Mensuration.     Monographs  on  the  species  appear  under  General 
References. 

Every  effort  was  made  to  include  all  the  references  for  shortleaf 
pine  in  this  bibliography,  but  it  is  possible  that  some  omissions  were 
made.     Comments  and  suggestions  will  therefore  be  appreciated. 
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Figure  1.  --Range  of  shortleaf  pine,    showing  the  limit  of  its  natural 
range  and  its  region  of  major  importance. 
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SIZE,  VOLUME,  MP  WEIGHT  OF  PINE  SIABS  MP  EDGINGS 
IN  THE  SOUTH  CAEOLINA  PIEPMONT 

A.  S.  Todd,  Jr.,  and  Walter  C  Anderson 

INTROPUCTION 

Paper  and  board  products  from  slabs  and  other  solid  sawmill 
residues  are  now  a  reality  in  the  Southeast.   Pebarking  and  chip- 
ping machinery  are  being  installed  at  the  larger  lumber  plants,  and 
pulp  companies  have  contracted  to  buy  the  resulting  chips. 

Aside  from  the  mechanical  difficulties  to  be  expected  with 
new  lines  of  production,  there  appear  to  be  no  serious  obstacles  to 
the  conversion  of  waste  wood  to  bark-free  chips  at  sawmills  big 
enough  to  warrant  installation  of  log  debar ker s .   However,  90  percent 
or  more  of  the  potentially  chippable  residues  are  at  sawmills  that 
produce  less  than  l6,000  board  feet  of  lumber  a  day,  hardly  enough 
for  profitable  operation  of  any  log  debarker  now  on  the  market.  As 
an  added  complication,  many  of  the  smaller  sawmills  are  portables 
that  would  be  handicapped  by  the  weight  of  the  extra  equipment. 

If  a  substantial  volume  of  residues  is  to  be  utilized  for 
pulp,  specialized  methods  of  procuring,  transporting,  and  processing 
small-mill  slabs  and  edging  strips  must  be  developed.   For  maximum 
efficiency,  these  methods  must  be  designed  with  the  physical  charac- 
teristics of  the  material  to  be  handled  clearly  in  mind.   The  same 
information  is  also  essential  in  deciding  what  proportion  of  the  re- 
sidues can  be  profitably  utilized,  how  they  should  be  measured  for 
sale  or  purchase,  and  how  much  they  are  worth  as  a  source  of  raw  wood. 

To  provide  some  of  the  needed  information,  this  Station  Paper 
reports  on  the  sizes  of  pine  slabs  and  edgings  produced  at  small  saw- 
mills in  the  central  Piedmont  and  on  the  -volumes  and  weights  of  wood 
and  bark  components .   It  is  the  second  report  from  a  continuing  in- 
vestigation of  the  problems  of  salvaging  and  marketing  small-mill 
residues  in  this  region. 


TIIE  SAI^LES 

To  obtain  information  on  the  size  and  volume  characteristics 
of  southern  pine  slabs  and  edgings,  four  small  sawHiills  were  selec- 
ted at  random  from  all  those  within  a  2, 800- square-mile  area  in  the 
South  Carolina  piedmont.   Tliis  area  and  its  sawmills  were  completely 
described  and  the  output  of  chippable  residues  reported  in  the  first 
report  of  this  investigation. V 

At  each  of  the  four  mills  a  sample  of  10  logs  was  so  selected 
as  to  include  the  range  of  diameters  being  sawed  (table  l) .   These 
logs  were  predominantly  shortleaf  pine  with  a  small  admixture  of 
loblolly.   The  output  included  both  1-inch  boards  and  structural 
dimension.   All  of  it  was  square-edged  but  none  was  end-trimmed. 


Table  1 . - -Distribution  of  sample  logs  by  diameter  and  length— 
(in  numbers) 
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l/  Miscut  logs  are  classed  under  the  next  lower  2-foot  length. 

The  smallest  size  of  l-umber  produced  was  a  1  x  4-8  feet  long.   The 
sizes  and  volumes  of  residues  from  logs  of  other  species  or  from 
logs  sawed  to  other  standards  may^  of  course^  be  quite  different 
from  those  reported  here . 


l/  Todd,  A.  S.,  Jr.   Sawmill  and  logging  residues  in  the  South 
Carolina  Piedmont:   problems  and  methods  of  salvage.   Southeastern 
Forest  Experiment  Station  Paper  No.  31,  Nov.  1953- 
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The  residues  from  the  ^0  sample  logs  consisted  of  I53  slabs 
and  281  edgings.  All  the  slabs  and  220  of  the  edgings  were  measiired 
by  2-foot  sections  for  cubic-foot  volume  inside  and  outside  bark. 
Widths  and  thicknesses  of  slabs  were  taken  to  the  nearest  l/lO-inch 
at  each  measuring  point  (fig.  l),  and  the  cross-sections  were  com- 
puted as  areas  of  circular  segments.   For  the  edgings,  the  measure- 
ments taken  were  the  widths  of  both  faces  and  the  thickness,  also 
to  the  nearest  l/lO-inch.   The  average  of  the  two  widths  was  then 
multiplied  by  the  thickness  to  obtain  the  cross-sectional  area. 
This  formula  gives  edging  voli;imes  that  are  very  slightly  on  the 
conservative  side,  since  it  ignores  the  cirrvature  of  the  bark  face. 


Figure  1. --Cross-sectional  measurements  taken  at  each 
2-foot  point  on  sample  slabs  and  edgings. 

The  weight  sample  consisted  of  100  sections  of  edging  strips, 
20  from  each  of  five  sawmills.   Every  section  was  from  a  different 
log.   These  pieces  were  the  thickness  of  the  strips  (l  to  I-I/2 
inches),  of  varying  widths  up  to  3  inches,  and  10  inches  long.  After 
the  16-inch  blocks  were  sawed  out,  a  pocket  knife  was  used  to  divide 
them  into  separate  samples  of  wood  and  of  bark. 

While  still  fresh,  the  bark  and  wood  samples  were  weighed  to 
the  nearest  l/lO  gram  and  their  volumes  measured  to  the  nearest  cubic 
centimeter  by  immersion  in  a  1000  c.c.  graduate.   They  were  then  oven- 
dried  at  105  degrees  Centigrade  and  reweighed. 

It  was  early  spring  when  the  weight  samples  were  collected. 
Bark  growth  for  the  year  had  already  commenced,  but  wood  growth  ap- 
parently had  not.   Consequently,  wood  and  bark  could  not  be  separ- 
ated perfectly,  some  inner  bark  adhering  to  the  wood.   Similar 
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difficulties  are  experienced  at  that  time  of  year  with  debarking 
machines.   In  tlie  present  case,  the  adhering  bark  affected  the  unit 
wood  weights  little  if  at  all,  but  the  bark  weights  are  probably 
somewhat  different  from  those  that  would  have  been  obtained  later 
in  the  spring  or  in  other  seasons  of  the  year. 


SLABS  VERSUS  EDGINGS 

Slabs  and  edgings  are  distinctly  different  in  size  and  shape. 
Therefore,  they  present  different  problems  of  salvage,  and  methods 
highly  suitable  for  one  may  not  be  applicable  to  the  other.   In- 
deed, some  informed  individuals  feel  that  edgings  contain  too  lit- 
tle wood  per  piece  to  justify  transporting  and  debarking.   For  these 
reasons,  the  relative  proportions  of  slabs  and  edgings  are  of  inter- 
est. 

Observation  indicates  that  the  proportions  are  rather  vari- 
able, differing  according  to  the  kind  of  lumber  produced,  the  size 
and  form  of  the  logs,  and  the  practices  of  the  mill  owners  or  saw- 
yers. Few  edgers  in  the  study  area  are  operated  at  anything  approach- 
ing capacity.   Logs  are  customarily  sawed  "four-sides"  on  the  headsaw, 
so  that  only  the  short  or  wany  cuts  produced  in  "squaring  up"  require 
edging.   The  sawmills  sampled  for  residues  were  typical  in  this  res- 
pect. At  these  mills,  slabs  comprised  from  6o  to  71  percent  of  total 
residue  volume  and  averaged  exactly  two- thirds.  However,  the  mill 
with  the  smallest  proportion  (6o  percent)  was  sawing  larger-than- 
average  logs  into  1-inch  boards.   The  proportion  of  slabs  at  the 
other  three  mills,  which  were  sawing  both  boards  and  2- inch  stock, 
ranged  only  from  66  to  71  percent. 

Judging  by  the  four  sample  mills,  the  effect  of  log  size  on 
slab  output  is  marked  but  inconsistent  from  mill  to  mill.   Other 
things  being  equal,  the  proportion  of  total  residue  in  slabs  is  low 
for  the  smallest' logs,  rises  to  a  maximum  at  a  diameter  of  about  10 
inches,  and  then  declines. 


WOOD  VEESUS  BAEK 

C\irrent  interest  in  sawmill  residues  is  restricted  to  the 
wood  component.  Bark  is  useful  only  for  fuel,  and  its  value  for 
this  pirrpose  is  too  small  to  justify  expenditures  for  transporting 
it.   Furthermore,  bark  removal  seems  certain  to  be  one  of  the  more 
troublesome  and  costlier  steps  in  preparing  sawmill  residues  for 
pulping.  For  these  reasons,  it  is  important  to  know  how  much  bark 
must  be  handled  per  unit  volume  or  weight  of  wood. 
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The  sample  slabs  ranged  from  practically  zero  volume  to 
1.130  cubic  feet  of  wood  and  bark  together,  and  averaged  0.469 
cubic  foot.   The  edgings  ranged  to  O.29O  cubic  foot  and  averaged 
0.1l4.   The  bark  on  the  slabs. and  edgings  averaged  O.36  inch  thick. 
The  mean  cubic-foot  volumes  of  bark  per  piece  were  as  follows: 

Per  slab         .I53 
Per  edging       .029 

In  teiTns  of  total  solid  volume,  the  slabs  averaged  33  percent  bark, 
the  edgings  25  percent.   The  average  weights  per  cubic  foot  of  the 
bark  and  wood  in  the  sample  slabs  and  edgings  were  found  to  be  3^-7 
and  63.3  pounds,  respectively  (table  2).   Therefore,  in  terms  of 
total  green  weight,  the  slabs  averaged  21  percent  bark,  the  edgings 
16  percent. 

Table  2. --Average  unit  weights  of  bark  and  wood  in  slabs 

and  edgings 

(in  pounds  per  cubic  foot) 

Material     :     Greer;!/     .     Oven-dry 

Bark  3^+ .  7  2k.  ^ 

Wood  63.3  29.3 

1/  Average  moisture  content  of  bark  was  29  percent 
of  green  weight;  average  moisture  content  of  wood,  5^ 
percent  of  green  weight. 

The  values  just  presented  are  for  the  run   of  log  sizes  in 
the  sample.   How  much  different  would  they  be  for  larger  or  smaller 
logs? 

The  thickness  of  bark  on  pine  logs  varies  directly  as  the 
diameter  of  the  log  at  the  point  of  measurement.   This  suggests 
that  the  proportion  of  edging  or  slab  volume  in  bark  might  also 
vary  with  diameter.   This  possibility  was  investigated.   Tests 
showed  no  evidence  of  such  a  relationship  in  the  case  of  edgings . 
Apparently,  the  mean  bark  proportions  given  for  edgings  are  gener- 
ally applicable  to  all  sizes  of  shortleaf  pine  logs  sawed  in  the 
same  manner  and  into  the  same  products  as  the  sample  logs .  How- 
ever, the  proportion  of  bark  in  slabs  did  increase  with  log  diam- 
eter (table  3);  the  regression  coefficient  proved  significant  at 
the  1 -percent  level. 
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Table  3 .--Proportion  of  slab  volmne  and  green  weight 


in 

bark^ 

by  log 

dlame 

ter 

(I 

n  percent) 

Log 

scaling  dlamet 

.er 

Volume 

Green  weight 

(inches) 

5 

22 

li| 

6 

2k 

15 

7 

26 

l6 

8 

28 

17 

9 

30 

19 

10 

31 

20 

11 

33 

21 

12 

35 

23 

13 

37 

2k 

111 

39 

26 

15 

i|0 

27 

l6 

1+2 

29 

17 

4i+ 

30 

18 

he 

32 

19 

kQ 

33 

According  to  unpublished  data  from  the  Forest  Survey, 
round  pine  pulpwood  in  the  Southeast  is  78  percent  wood  and 
12  percent  bark  by  volume .   The  bulk  of  the  wood  is  delivered 
in  the  rough  state  to  the  pulp  mills,  where  it  is  debarked. 
This  means  that  approximately  7  percent  of  the  annual  freight 
and  cartage  expense  on  pulpwood  is  for  the  transportation  of 
bark.   If  the  same  procedure  were  applied  to  sawmill  residues, 
16  percent  of  the  transportation  expenditure  on  edgings  and  21 
percent  of  the  transportation  expenditiire  on  slabs  would  be  for 
bark.  Pulp  companies  have  presimiably  found  that  the  greater 
efficiency  and  more  positive  quality  control  afforded  by  cen- 
tralized debarking  more  than  balance  any  savings  that  might  re- 
sult from  peeling  roundwood  nearer  the  source.     However,  it  is 
doubtful  whether  this  would  be  true  of  sawmill  residues. 


SIZES,  VOLUMES,  MD  WEIGHTS 

Saw  logs  in  the  study  area  are  usually  cut  to  8-,  10-,  12-, 
1^-,  and  16-foot  lengths,  and  they  range  from  5  "to  something  over 
20  inches  in  diameter.   Twelve  feet  is  the  most  common  length,  and 
more  lumber  is  sawed  from  8-inch  logs  than  from  any  other  diameter. 
Since  the  logs  are  predominantly  small,  there  is  little  opportunity 
to  produce  short  side-lumber.   Consequently,  slabs  and  edgings  tend 
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to  be  nearly  the  full  length  of  the  logs  from  which  they  are  sawed. 
This  is  particularly  true  of  edgings.   Fifty-two  percent  of  the 
sample  logs  were  12-footers;  52  percent  of  the  edgings  were  also 
12  feet  long.   A  high  proportion  of  the  short  slats  and  edgings  in 
the  sample  were  the  result  of  breakage  in  offbearing. 

More  important  than  lengths  from  a  salvage  standpoint  are 
the  cross-sectional  dimensions  of  residues.   They  strongly  influence 
the  design  and  capacities  of  processing  machinery,  and  volume  or 
weight  of  usable  material  per  lineal  foot  is  a  valuable  cost  indi- 
cator.  Table  k   shows  the  distribution  of  the  sample  slabs  by  thick- 
ness and  width  at  their  largest  points.   Since  the  table  values  are 
cumulative,  each  percent  represents  the  proportion  of  the  total  num- 
ber of  slabs  that  could  be  passed  through  an  opening  of  the  specified 
size.   For  example,  an  opening  3-l/2  x  9  inches  would  accommodate 
75  percent  of  the  slabs;  an  opening  4-1/2  x  15  inches  would  accommo- 
date 99  percent- -all  of  the  pieces  likely  to  be  usable. 

Table  4. --Slabs  that  do  not  exceed  specified  thicknesses  and  widths 


(In 

percent  of 

total) 

Thickness  : 

Width  outside  bark 

outside  bark: 

5 

6 

:   7 

:  8  :   9  : 

10  :  11  : 

12  : 

13  : 

14  : 

15 

(Inches)   : 

in. 

in. 

:  in. 

:  in. :  in. ■ 

in.:  in.: 

in. : 

in. : 

in. : 

in. 

1 

3 

k 

6 

6    7 

7    7 

8 

9 

9 

9 

1-1/2 

7 

i6 

21 

25   26 

26   26 

27 

28 

28 

28 

;  2 

8 

26 

35 

kh      50 

53   53 

5h 

55 

55 

55 

2-1/2 

9 

30 

kh 

57   64 

68   69 

71 

72 

72 

72 

3 

-- 

31 

48 

63   71 

78   80 

83 

86 

86 

86 

3-1/2 

-- 

-- 

50 

65   75 

83   87 

89 

92 

93 

9^^ 

k 

-- 

-- 

-- 

66   77 

85   90 

93 

95 

96 

97  , 

4-1/2 

94 

97 

98 

991/ 

1/  Remaining  1  percent  are  wider  than  15  inches  but  so  thin  as 
to  have  practically  no  wood  content. 

Edgings  present  a  much  narrower  range  of  cross -sectional  di- 
mensions than  slabs,  since  their  thicknesses  correspond  to  the  thick- 
ness of  the  iTimber- -usually  1  inch,  occasionally  2  inches.   They  vary 
only  in  width,  the  sample  edgings  attaining  a  maximum  of  7  inches 
(table  5). 

The  sample  slabs  averaged  0.315  cubic  foot  or  20.0  pounds 
(green  weight)  of  wood  per  piece,  the  edgings  O.O85  cubic  foot  or 
5.4  pounds  per  piece.   The  corresponding  averages  per  lineal  foot 
were  0.032  and  2.0  for  slabs  and  O.OO8  or  O.5  for  edgings.   Of  course, 
wood  volumes  and  weights  varied  considerably  by  individual  pieces, 
and  the  range  was  naturally  greater  for  slabs  than  for  edgings  with 
their  one  fixed  dimension.   The  distribution  of  pieces  by  volume  and 
weight  classes  is  shown  in  tables  6  and  7- 
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Table  3 • --P^oPQ^tion  of  edgings  that  do  not 
exceed  specified  widths 


Width  outside  bark 


Edgings 


Inches 

1 

1-1/2 

2 

2-1/2 

3 

3-1/2 

k 

I+-I/2 

5 

5-1/2 

6 

6-1/2 

7 


Percent 

12 
32 
57 
70 
79 
85 
90 
93 
96 
98 
99 
99 
100 


EFFECTS  OF  SORTING 

Modern  force-feed  chippers  are  capable  of  producing  accept- 
ably unlfom  chips  from  short,  thin,  and  irregularly  shaped  pieces 
of  wood.   Consequently,  lumbermen  who  debark  their  logs  find  it 
both  practicable  and  profitable  to  chip  nearly  all  of  the  slab  and 
edging  material.   Such  a  high  degree  of  utilization  is  not  economic 
at  small  sawmills.   Their  waste  wood  is  not  bark- free  and  may  have 
to  be  transported  to  a  pulp  mill  or  other  concentration  point  before 
it  is  debarked  or  chipped.  For  these  reasons,  some  small  pieces  or 
even  thin,  barky  sections  of  larger  pieces  will  not  pay  their  way. 
Successful  salvage  may  depend  on  rejecting  this  material  by  sorting 
and  perhaps  by  crosscutting. 

Slabs  or  edgings  that  do  not  contain  enough  wood  to  justify 
salvage  should  be  eliminated  as  near  the  source  as  possible,  prefer- 
ably as  they  come  from  the  saw.   The  culling  could  well  be  done  by 
the  sawmill  offbearer,  who  has  to  handle  every  bit  of  the  material 
in  any  case.   Sorting  might  be  on  the  basis  of  average  thickness 
and  length  for  slabs,  average  width  and  length  for  edgings.   Once 
cost  analyses  determined  the  marginal  volumes  or  weights  of  wood 
per  piece  or  per  lineal  foot  for  an  operation,  these  volumes  or 
weights  could  be  translated  into  minimum  specifications  of  average 
thickness  (or  width)  and  length.   Tables  8  and  9,   based  on  the  sample 
slabs  and  edgings,  are  suitable  volume  tables  for  this  purpose. 
Tables  10  and  11  are  companion  tables  of  green  wood  weights.   The 


Table  6. --Distribution  of  slabs  and  edgings  by  volume  of  wood 


Volume 

Volume 

per 

Slabs 

Edgings 

per 

Slabs 

Edgings 

piece 

lineal  foot 

(Cubic  feet) 

(Cubic  feet) 

Percent 

Percent 

Percent 

Percent 

.01-. 05 
.06-. 10 

2 
7 

36 
32 

.001-. 005 

.006-. 010 

2 
5 

ko 

38 

.11-. 15 
.16-. 20 

9 
11 

19 
10 

.011-. 015 

.016-. 020 

8 
11 

16  . 
5 

.21-. 25 
.26-. 30 

.31-. 35 
.36-.40 

12 
12 
11 
10 
8 
6 

2 

1 

.021-. 025 
.026-. 030 
.031-. 035 

.036-. oUo 

.Oi^l-.045 

.0^6-. 050 

13 
Ik 
12 
10 
8 
6 

(1/) 
(T/) 
(1/) 

.51-. 55 
.56-. 60 
.61-. 65 
.66-. 70 

5 
3 
1 
1 

-- 

.051-. 055 

.056-. 060 
.061-. 065 
.066-. 070 

5 

2 

1 
1 

— 

.71-. 75 
.76-. 80 

1 
1 

—  — 

.071-. 075 
.076-. 080 

1 
1 

— - 

100 

100 

100 

100 

1/  Less  than  l/2  of  1  percent. 


Table  7. --Distribution  of  slabs  and  edgings  by  green  weight  of  wood 


Weight 

Weight 

per 

Slabs 

Edgings 

per 

Slabs 

Edgings 

piece 

lineal  foot 

(Pounds) 

(Pounds) 

Percent 

Percent 

Percent 

Percent 

1-  5 

5 

56 

.1-  .5 

5 

63 

6-10 

14 

32 

.6-1.0 

13 

30 

11-15 

19 

10 

1.1-1.5 

19 

5 

16-20 

20 

2 

1.6-2.0 

22 

1 

21-25 

16 

-- 

2.1-2.5 

17 

1 

26-30 

12 

-- 

2.6-3.0 

11 

-- 

31-35 

8 

-- 

3.1-3.5 

8 

-- 

36-kO 

k 

— 

3.6-4.0 

3 

-- 

41-45 

1 

-- 

4.1-4.5 

1 

-- 

46-50 

1 

-- 

4.6-5.0 

1 

-- 

100 

100 

100 

100 
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corresponding  oven-dry  weights  can  be  calculated  using  the  ratio 
0.^6  pound  oven-dry  per  po\ind  green.   Tables  12  through  15  show 
how  much  of  the  potentially  chippable  wood  in  the  samples  met  vari- 
ous specifications  as  to  size.   The  proportions  in  tables  1^  and  15 
apply  to  volumes  or  weights  alike. 

Rejecting  the  smaller  slabs  and  edgings  would  reduce  salvage 
costs  by  increasing  the  yield  of  wood  chips  per  piece  or  per  lineal 
foot  handled.   Eliminating  thin  pieces  should  further  lower  costs 
by  reducing  the  quantity  of  bark  that  had  to  be  transported  and 
peeled  to  obtain  a  given  quantity  of  bark-free  wood.  For  example, 
the  sample  slabs  averaged  21  percent  bark  by  weight.   Tests  indi- 
cated that  if  the  thinnest  pieces  were  progressively  eliminated 
each  resulting  increase  of  l/lO-inch  in  average  slab  thickness 
would  reduce  the  proportion  of  bark  1  percent.   To  put  it  differ- 
ently, each  l/lO-inch  increase  in  average  thickness  would  mean  a 
saving  of  roughly  5  percent  in  the  cost  of  transporting  the  rough 
slabs  and  somewhat  smaller  savings  in  other  phases  of  the  salvage 
process . 

EFFECTS  OF  CROSSCUTTIWG 

Slabs  or  edgings  as  they  come  from  the  saw  are  in  a  variety 
of  lengths  ranging  from  2  to  l6  feet.   Crosscutting  them  to  stand- 
ard lengths  would  facilitate  package  transportation  and  the  use  of 
cranes  or  fork  lift  trucks  at  destination.  Also,  thin  barky  sec- 
tions could  be  removed  to  up  the  yield  of  wood  per  lineal  foot  of 
rough  material.   Tables  l6  through  21  show  the  effects  (calculated 
from  sectional  measurements)  of  crosscutting  the  sample  slabs  to 
various  minimi;mi  thicknesses  and  standard  lengths,  the  sample  edg- 
ings to  various  minimum  widths  and  standard  lengths .   Tables  l6  and 
17  compare  the  resiilting  numbers  of  pieces  with  the  original  num- 
bers of  slabs  and  edgings;  tables  l8  and  19  compare  the  resiilting 
volimies  or  weights  of  wood  with  the  total  original  volumes  or 
weights,  and  tables  20  and  21  compare  the  volumes  and  weights  per 
lineal  foot.  Although  the  last-named  tables  were  based  on  cross- 
cutting  to  k-toot   lengths,  the  values  for  5-^  6-,  or  8-foot  lengths 
were  not  appreciably  different. 

Merely  crosscutting  slabs  to  a  standard  length  without  set- 
ting any  minimum  thickness  has  the  effect  of  raising  the  volume 
(and  weight)  of  wood  per  lineal  foot.   The  amount  of  wood  per  lin- 
eal foot  can  be  further  increased  by  adopting  a  minimum  thickness 
as  well.   In  the  case  of  edgings,  however,  cutting  to  standard 
lengths  produces  no  such  gain;  wood  volume  can  be  increased  only 
by  adopting  a  minimum  width. 

Crosscutting  increases  not  only  the  absolute  volume  (and 
weight)  of  wood  per  lineal  foot  but  also  the  ratio  of  wood  to  bark. 
The  proportion  of  wood  in  both  the  sample  slabs  and  edgings  was 


12 


raised  1  to  2  percent  by  cutting  to  standard  lengths  alone.   Fur- 
ther rises  of  l/2  to  1  percent  accompanied  each  increase  of  l/2- 
inch  in  the  minimum  thickness  of  slabs  or  the  minimum  width  of 
edgings.   The  latter  gain  was- more  pronounced  for  edgings  than  for 
slabs.   It  was  also  greater  when  the  residues  were  cut  to  the  short- 
er lengths  (k   or  5  feet) .  As  a  matter  of  fact,  the  proportion  of 
wood  in  8-foot  lengths  was  increased  none  at  all  by  the  adoption 
of  a  thickness  or  width  standard,  and  actually  decreased  when  the 
minimum  thickness  or  width  was  greater  than  1  inch. 

The  principal  disadvantages  of  crosscutting  are  the  added 
cost  of  the  operation  itself  and  the  fact  that  more  pieces  must 
be  handled  to  obtain  a  given  quantity  of  salvage  material.   The 
second  objection  can  be  partially  overcome  by  the  use  of  pallets, 
straps,  or  other  package -loading  devices. 


WEIGHT  AS  A  BASIS  FOR  MEASUREMENT 

Stacked  volume  is  the  traditional  measure  of  pulpwood  in 
the  South.  At  present,  both  the  standard  cord  of  128  cubic  feet 
and  the  "unit"  of  l6o  or  l68  cubic  feet  are  in  use .  However,  stacked 
volume  is  at  best  a  rather  crude  measiore  of  actual  wood  volume  and 
an  even  poorer  measure  of  the  cellulose  content  which  largely  de- 
termines pulping  value.   Furthermore,  the  accurate  scaling  of  cord- 
wood  on  trucks  or  railroad  cars  is  a  time-consuming  task.   For  these 
reasons,  at  least  three  paper  companies  are  now  purchasing  wood  by 
weight. 

Stacked  volume  is  an  even  less  efficient  measure  of  sawmill 
slabs  and  edgings  than  of  roundwood.   The  greater  nijmber  of  pieces 
per  cord  and  the  greater  variety  of  sizes  and  shapes  result  in  wider 
variation  in  air  space.   There  is  also  the  fact  that  the  solid  com- 
ponent contains  two  to  three  times  as  much  bark  as  with  roiondwood. 
When  it  becomes  necessary  to  relate  yields  of  bark-free  chips  to 
quantities  of  rough  material,  a  further  complication  is  introduced. 

West  Coast  procedure  is  to  meas\ire  residues  in  cords,   \^/hen 
a  cord  of  residues  is  chipped,  the  result  is  termed  a  "unit"  of 
chips  (not  to  be  confused  with  a  unit  of  southern  pulpwood) .   The 
space  occupied  by  a  unit  of  chips  ranges  from  210  to  291  cubic 
feet .2/  Combining  this  variation  with  that  of  air  and  bark  vol- 
umes in  the  original  piled  residues  compounds  the  confusion. 


2/  Fobes,  E.  W.   Status  of  portable  wood  chippers.   Forest 
Product's  Research  Society  Preprint,  19^9- 
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Much  of  the  confusion  might  be  avoided  at  the  start  of  sal- 
vage operations  In  this  region  by  adopting  weight  as  standard  meas- 
ure   at  all  stages,  from  rough  residues  to  chips  and  on  to  the  final 
pulp.   Small-scale  tests  conducted  during  the  course  of  this  study- 
indicated  that  tonnage  yields  of  bark- free,  green  or  oven-dry  wood 
per  ton  of  slabs  or  edgings  with  bark  were  relatively  stable  from  . 
one  batch  to  another  and  from  one  sawmill  to  another  over  extensive 
areas.  Needless  to  say,  if  gross  weight  is  accurately  convertible 
to  bark-free,  oven-dry  weight,  it  can  also  be  converted  accurately 
to  terms  of  expected  pulp  yields . 

The  residue  samples  gave  the  following  converting  factors: 

For  slabs -- 

1^570  pounds  green  wood  per  ton  of  green,  unbar ked 
material,  or 

728  pounds  oven-dry  wood  per  ton  of  green,  unbarked 
material . 

For  edgings -- 

1,67^  pounds  green  wood  per  ton  of  green,  unbarked 
material,  or 

776  pounds  oven-dry  wood  per  ton  of  green,  unbarked 

material . 

These  factors  did  not  vary  significantly  by  sawmills  and  only 
slightly  with  the  diameter  of  the  logs  sawed.   The  6-I/2 -percent 
greater  yield  of  wood  from  edgings  was  found  to  be  significant  at 
the  1-percent  level. 

If  truckloads  of  rough,  green  slabs  or  edgings  were  weighed, 
application  of  the  factors  would  give  the  net  weights  of  bark-free 
wood,  green  or  oven- dry,  with  an  error  of  less  than  3  percent  (two 
standard  errors) .   To  convert  the  net  weights  to  expected  yields  of 
usable  chips,  one  need  only  make  a  proper  deduction  for  slivers, 
fines,  and  other  screenings.   Conversions  of  this  accuracy  are  im- 
possible with  voliome  measurements,  and  a  truck  can  be  weighed  in  a 
fraction  of  the  time  required  to  scale  its  load. 

The  converting  factors  given  above  are  for  freshly  sawn  short- 
leaf  pine.   They  do  not  apply  to  species  with  thicker  or  thinner  bark 
or  to  dry  material.   However,  it  would  not  be  difficult  to  prepare 
similar  factors  for  other  species  or  even  combinations  of  species,  and 
adjustments  for  varying  moisture  contents  can  be  made  if  desired.   In 
this  connection,  it  is  interesting  to  note  that  pulp  mills  which  pur- 
chase roundwood  by  weight  make  much  of  the  fact  that  their  wood  is 
fresher  than  the  wood  received  at  mills  that  do  not.   Presumably,  the 
same  advantage  would  accrue  to  those  who  pirrchased  slabs  or  edgings 
on  a  weight  basis. 
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Table  l6. --Pieces  obtained  from  crosscutting  100  slabs  to  specified 
mininiuin  thicknesses  and  standard  lengths 

(in  numbers) 


Mlniraum  thickness 

Length 

(inches) 

All  lengths 

k   feet 

5  feet 

6  feet 

8  feet 

No  niiniTmnn 

100 

219 

158 

137 

75 

1/2 

100 

197 

li+2 

116 

68 

1 

101 

139 

99 

75 

kh 

1-1/2 

82 

59 

35 

2k 

11 

2 

k2 

10 

5 

3 

1 

Table  17. --Pieces  obtained  frcan  crosscutting  100  edgings  to  specified 
minimum  widths  and  standard  lengths 


(In  numbers) 

Minimum  vidth 
outside  bark 

Length 

(inches) 

All  lengths 

k   feet 

5  feet 

6  feet 

8  feet 

No  minimum 

100 

252 

178 

15^ 

95 

1/2 

106 

189 

135 

113 

68 

1 

99 

107 

68 

5^ 

32 

1-1/2 

61 

50 

32 

25 

11 

2 

37 

21 

16 

9 

h 
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Table  l8.--Wood  vol\mie  or  weight  remaining  after  crosscuttlng  slabs 
to  specified  minim-um  thicknesses  and  standard  lengths 


(in  percent  of  total) 

Minimum  thickness 
outside  bark 

Length 

(inches) 

All  lengths 

k   feet 

5  feet 

6  feet 

8  feet 

No  minimuTn 

100 

9^ 

88 

88 

68 

1/2 

99 

89 

81 

77 

6k 

1 

91 

7^ 

67 

58 

hi 

1-1/2 

6i+ 

k2 

31 

2k 

Ik 

2 

30 

10 

7 

3 

1 

Table  19- --Wood  volume  or  weight  remaining  after  crosscuttlng 
edgings  to  specified  minimum  widths  and  standard  lengths 


(in  percent  of  total) 

Minimum  width 

Length 

(Inches) 

All  lengths 

k   feet 

5 

feet 

6  feet 

8  feet 

No  minimum 

100 

97 

89 

93 

76 

1/2 

96 

87 

79 

81 

ee 

1 

78 

Gk 

55 

51 

ko 

1-1/2 

53 

39 

32 

30 

19 

2 

3^ 

21 

20 

\k 

7 

20 


Table  20. --Volumes  and  green  weights  of  wood  per  lineal 
foot  of  slabs  crosscut  to  U-foot  lengths  and 
to  specified  minimum  thicknesses 


Minimum  thickness 

outside  bark 

Volume 

Green  weight 

(inches) 

Cubic  feet 

Pounds 

No  minimum 

.03^ 

2.2 

1/2 

.036 

2.3 

1 

.Oi^3 

2.7 

1-1/2 

.057 

3.6 

2 

.075 

^•1 

No  crosscutting 

.032 

2.0 

Table  21 .  — Volimies  and  green  weights  of  wood  per  lineal 
foot  of  edgings  crosscut  to  4-foot  lengths 
and  to  specified  minimum  widths 


Minim-um  width 

outside  bark 

Volume 

Green  weight 

(inches) 

Cubic  feet 

Pounds 

No  minimum 

.008 

.5 

1/2 

.008 

.5 

1 

.011 

.7 

1-1/2 

.014 

.9 

2 

.018 

1.1 

No  crosscutting 

.008 

.5 

-  21  - 


Agriculture - -Ashevllle 


N 


N 


I  lUI  I     I  UpCI     INU.  yJ\J 


ftv 


//  -SJ' 


Jt 


i 


-'^-^^ 


.":'\ 


rebruary    1955 


SOUTHEASTERN   FOREST 
EXPERIMENT  STATION 
Asheville,  North  Carolina 

C.  U^.  JOentmon, 
•director 


y 


'^Ti^rs^it* 


U.  S.  Department  of  Agriculture  -  Forest  Service 


DIVISIONS  AND  CENTERS 
SOUTHEASTERN  FOREST  EXPERIMENT  STATION 


Division 

Forest  Management 

Forest  Economics 

Watershed  Management 

Fire  Research 

Forest  Utilization  Service 

Forest  Range 

Forest  Disease  Research 

Forest  Insect  Research 

Naval  Stores 


Officer  in  Charge 

Carl  E.  Ostrom 
James  W.   Cruikshank 
H.  Glenn  Meginnis 
Ralph  M.  Nelson 
Walton  R.  Smith 
E.   Joseph  Woolfolk 
George  H.  Hepting 
R.  Joseph  Kowal 
Kenneth  B.   Pomeroy 


Principal  Field  Centers 

Cordele  Research  Center, 

Cordele,   Ga. 
Coweeta  Hydrologic  Laboratory, 

Franklin,  N.   C. 
Athens -Macon  Research  Center, 

Athens,   Ga. 
Lake  City  Research  Center, 

Lake  City,   Fla. 
Piedmont  Research  Center, 

Union,   S.   C. 
Santee  Research  Center, 

Charleston,   S.   C. 
Southern  Appalachian  Research  Center, 

Asheville,   N.   C. 
Tidewater  Research  Center, 

Franklin,   Va. 


Officer  in  Charge 
Norman  R.  Hawley 
E.  A,   Johnson 
William  A.   Campbell 
Kenneth  B.  Pomeroy 
Louis  J.   Metz 
Thomas  Lotti 
James  F.   Renshaw 
George  F.  Gruschow 


CONTENTS 

Page 

Introduction 1 

Forest  Management 3 

Regeneration 3 

Stimulation  of  slash  pine  seed  production 3 

Favorable  seedbed  conditions  deteriorate  rapidly 3 

Rodent  population  peaks  soon  after  clear  cutting      4 

Scarification  before  logging  improves  pine  stocking 5 

Time  of  cut  important  in  sand  pine 7 

Drained  cypress  ponds  reproduce  to  slash  pine     7 

Aids  in  predicting  dominance  for  pine  seedling 9 

Cooperative  longleaf  pine  planting  study 9 

Direct  seeding  hampered  by  rodents 10 

Bottomland  hardwoods  tested 10 

Root  pruning  benefits  south  Florida  slash  pine  seedlings 10 

Stand  improvement 11 

Summer  burning  for  hardwood  control  tested 11 

Understory  removal  does  not  affect  pine  growth 11 

Tests  of  weeding  to  free  pine  seedlings 13 

Plantation  studies 14 

Management  of  plantations  stressed 14 

Different  species  tested 14 

Study  plantation  thinning 15 

Reinforcement  planting  fails 15 

Management  of  Piedmont  hardwoods 16 

Farm  woodland  management 17 

Returns  to  farmer  operator  reported      17 

Stocking  increased  under  management 17 

Naval  stores  income  high 17 

Silviculture 18 

Growth  rate  of  different  species  on  the  same  land 18 

Northern  red  oak  shows  sustained  high  growth  rate 18 

Forest  soil  studies 19 

Report  on  nomenclature  of  slash  pine 19 

Tree  improvement  and  genetics 20 

Early  results  show  significant  trends 20 

Development  of  high-yielding  naval  stores  pines      22 

Inheritance  of  deformity  and  growth  in  slash  pine 24 

Pruning 25 

Slash  pine  pruning  schedule  proposed 25 

Bud  pruning  not  recommended  for  white  pine 25 

Thinning 25 

Precommercial  thinning  aids  diameter  growth  of  slash  pine 25 

Pine  growing  space  study 26 

Financial  aspects 26 

Wind  damage 28 

George  Walton  pilot-plant  area 30 

Naval  Stores 32 

Integration  with  timber  production 32 

Tests  of  intensive  chipping 32 

Standard  methods  of  chipping 32 

Gum  yield  tables 32 

Effect  of  turpentining  on  growth      35 

Effect  of  black  turpentine  beetle  control  measures  on  gum  yields   ...  35 

Equipment  development 36 


Page 

Forest  Economics 37 

Georgia  forest  survey  completed 37 

Sawtimber  in  eastern  North  Carolina  classified  by  log  grade 39 

1953  pulpwood  production  continues  upward  trend 40 

A  simple  method  for  estimating  sawing  cost  by  log  size      40 

Weight  as  a  measure  of  chippable  sawmill  residues 42 

Watershed  Management 43 

Watershed  deterioration  as  observed  at  Coweeta 43 

Coweeta  activities  during  the  year 45 

Soil  moisture  in  the  Piedmont 46 

Forest  Fire  Research 47 

Relation  of  wind  profiles  to  the  behavior  of  large  fires 47 

Forest  Utilization  Service 51 

The  utilization  of  wood  residue 51 

Hickory  task  force 51 

Wood  seasoning 53 

Grading  of  logs  and  other  products 53 

Strength  of  wood 53 

Hardwood  utilization  research 54 

Range  Management 56 

South  Florida  ranges 56 

South  Georgia  forest  ranges 58 

Drought  proves  value  of  native  range      58 

Cattle -fire  lanes  pay  their  way 59 

New  study  of  timber  and  cattle  integration  started      60 

Tidewater  cane  ranges 61 

Continuous  summer  grazing  detrimental  to  cane  range 61 

Cattle  management  systems  compared 61 

Forest  Disease  Research 62 

Oak  wilt 62 

Littleleaf  disease  of  pine 63 

White  pine  blister  rust 64 

Sweetgum  blight 65 

Loblolly  pine  spot  die -out      67 

Sapstreak  disease  of  sugar  maple  and  yellow-poplar 68 

Wood  moisture  in  ships  under  dehumidification 69 

Nursery  diseases 69 

Miscellaneous  diseases 69 

Inquiries  on  tree  disease  problems      70 

Forest  Insect  Research 70 

Southern  pine  beetle 70 

Black  turpentine  beetle 74 

Pine  engraver  beetles 74 

Fall  cankerworm 75 

Pine  sawflies 75 

Pine  tip  moth 75 

Pales  weevil      76  ; 

Cypress  beetle 76 

Bark  beetle  attacks  grafted  pines      76  I 


Bibliography  for  the  year  1954 


I 


ANNUAL  REPORT  1954 


SOUTHEASTERN  FOREST  EXPERIMENT  STATION 


INTRODUCTION 

With  the  increase  in  all  forms  of  forestry  activity  in  the  Southeast  has 
come  an  expansion  in  some  of  the  Station's  research  work  and  facilities.     In 
1954,   Congress  provided  additional  funds  for  hardwood  utilization  and  manage- 
ment research  in  this  area.     In  view  of  the  increasing  volume  and  area  in 
hardwoods  throughout  the  Southeast,   the  Station  plans  to  develop  useful  facts  on 
soil  and  site  requirements  for  optimum  growth  of  Piedmont  hardwoods.     Re- 
generation and  management  of  good  Piedmont  hardwoods  and  the  rehabilitation 
of  poorer  stands  will  also  be  studied.     The  long-continued  efforts  to  find 
profitable  industrial  uses  for  the  little -used  and  defective  Piedmont  hardwoods 
are  being  stepped  up.     Out  of  the  combined  efforts  should  come  a  reduction  in 
the  accelerating  volume  of  low-grade  hardwoods,   and  an  increase  in  the  better- 
quality  hardwoods  the  Piedmont  is  capable  of  growing.     This  new  work  is  being 
centered  at  the  Athens -Macon  Research  Center,   with  headquarters  at  Athens, 
Georgia,   where  the  Station  is  working  closely  with  the  School  of  Forestry, 
University  of  Georgia.     Federal-State  cooperation  is  also  working  very 
effectively  at  the  new  Georgia  Forestry  Center  at  Macon,   where  the  Georgia 
Forestry  Commission,   the  Georgia  Forest  Research  Council,   and  the  Station 
are  cooperating  in  an  expanded  program  of  forest  research. 

Very  rapid  progress  has  been  made  in  research  in  tree  genetics  and  other 
forestry  fields  in  Florida,   where  the  State  Board  of  Forestry  participated  through 
a  grant  from  the  Florida  legislature.     In  South  Carolina,   solution  of  problems  in 
Sandhill  regeneration  was  speeded  up  by  joint  action  of  the  Station  and  the  South 
Carolina  Forestry  Commission. 

A  major  Station  responsibility  is  to  gage  the  forest  situation  in  its  territory 
periodically  and  point  out  far-reaching  trends,   such  as  the  recent  reversion  of 
large  areas  from  pine  to  hardwoods.     Thorough -going  surveys  made  periodically 
by  the  Station's  Forest  Survey  staff  provide  the  best  picture  available.     The 
Station  has  recently  summarized  the  changing  forest  situation  in  the  three  south- 
eastern states,   Florida,   Georgia,   and  South  Carolina.     The  period  covered  is 
that  between  the  original  forest  surveys  of  1934-36  and  the  resurveys  made 
approximately  15  years  later. 

The  actual  commercial  forest  area  in  these  3  states  increased  about  6 
percent  between  surveys,   due  largely  to  abandonment  of  farmlands. 


Wood  use  increased  greatly;  the  major  increase  was  for  pulpwood,  with 
production  rising  from  350,000  cords  in  1936  to  6  million  cords  in  1953.  The 
equivalent  rise  in  terms  of  proportion  of  total  drain  was  from  3  to  35  percent. 

Whereas  the  total  volume  of  both  pine  and  hardwoods  decreased  about  3  to 
4  percent  between  surveys,   the  situation  in  some  local  areas  showed  much 
larger  decreases  than  this,   and  there  were  also  a  few  increases. 

The  character  of  the  forest  changed  considerably  between  surveys,   the 
number  of  smaller  trees  increasing  and  the  number  of  larger  trees  decreasing. 
Also  of  great  significance  is  the  increase  in  area  of  hardwood  types  (areas  with 
less  than  25  percent  pine  volume)  from  12.2  million  acres  to  19.3,   or  58  percent. 

Net  growth  of  both  pine  and  hardwood  showed  an  increase  at  the  time  of 
the  resurvey,   largely  due  to  reduction  in  mortality,   and  to  the  great  improvement 
in  stocking  of  young,   fast-growing  trees.     Even  though  growth  increased  from  an 
average  of  0.30  to  0.44  cords  per  acre,   there  is  opportunity  for  southeastern 
forest  landowners  to  nearly  double  this  current  growth  by  the  wide  adoption  of 
better  forestry  practices. 

These  resurvey  results  bring  out  several  challenges  to  research.     Perhaps 
the  most  important  problem  is  the  loss  of  pine  area  to  hardwoods.     We  need  to 
intensify  our  research  on  techniques  of  regenerating  pine,   both  naturally  and 
artificially.     The  tremendous  current  planting  program  also  means  that  we  can 
apply  the  results  of  tree  improvement  research  just  as  soon  as  they  are  available. 

If  we  are  to  increase  our  forest  growth,   we  will  need  better  information 
about  the  relative  productivity  of  the  same  land  for  different  species  and  since 
we  have  so  much  more  hardwood  area  today  than  we  had  a  few  years  ago,   we 
need  to  accelerate  research  on  the  utilization  and  management  of  these  species. 


^'^ /yt*«.^*-^^*— 


Director 


2  - 


FOREST  MANAGEMENT 


REGENERATION 


As  in  previous  years,    a  portion  of  the  effort  at  each  research  center  of  the 
Station  has  been  directed  toward  finding  better  means  of  obtaining  satisfactory 
stocking  of  desirable  forest  trees  through  natural  restocking,   direct  seeding,   or 
planting.     These  studies  range  in  site  from  the  overly  wet  areas  of  south  Florida 
and  the  Coastal  Plain  through  the  dry,    sandy  stretches  of  the  Sandhills.     Pine 
regeneration  has  been  emphasized  to  keep  pace  with  the  ever-expanding  demand 
for  southern  pine  timber  and  fiber,   and  the  steady  regional  decline  in  acreage  of 
land  that  is  growing  pine.     At  the  same  time,   the  need  for  much  better  informa- 
tion on  hardwoods,   both  bottomland  and  upland,    has  been  recognized  by  including 
them  in  the  regeneration  studies. 

Stimulation  of  Slash  Pine  Seed  Production 


The  beneficial  effect  of  crown  release  upon  seed  production  3  years  after 
release  was  demonstrated  in  slash  pine  at  Tifton,   Ga.,   as  it  had  previously 
been  in  loblolly  pine  elsewhere.     This  stimulation  of  the  seed  crop  is  carried 
over  into  at  least  the  fourth  year  (fig.    1).     Studies  have  been  started  of  the  seed 
production  of  shortleaf  pine  in  the  Piedmont  region,    in  cooperation  with  Ciemson 
College  and  the  Duke  Power  Company. 

Favorable  Seedbed  Conditions  Deteriorate  Rapidly 

Past  work  in  the  Coastal  Plain  of  the  Carolinas  has  shown  that  timely 
site  preparation  is  necessary  to  successfully  reproduce  loblolly  pine.     In  the 
second  growing  season  after  logging,   the  seedbed  is  occupied  by  competing 
vegetation  to  such  an  extent  that  it  requires  three  to  five  times  as  much  seed  to 
produce  a  pine  seedling  as  in  the  first  growing  season  after  logging.     By  the 
end  of  the  third  growing  season  the  deterioration  of  the  natural  seedbed  made 
effective  seeding  improbable,   as  shown  in  table  1. 


Table  1,  --Number  of  sound  seed  to  produce  an  additional  seedling  at  the  end 

of  the  growing  season  by  seedbed  treatments  of  entire  logging  units,  — ' 
Bigwoods  Experimental  Forest 


1/ 


Cultural  practice 


1st  year 


2nd  year 


3rd  year 


4th  year 


4th  and 

5  th 
year 


Number 
7 

Number 
37 

Number 
187 

Number 

Number 

Disk  and  log 



Log  and  burn 

15 

69 

211 

-- 

200 

Log  only 

22 

63 

81 

143 

227 

Average  all  areas 

14 

50 

162 

143 

212 

1/    The  data  in  each  vertical  column  are  averages  which  sample  one  to 
fourteen  different  areas. 
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Figure  1. — Slash  pine  cone  production  is  increased  the  third  year  after  seed  trees  are 
released.     Data  from  Alapaha  Experimental  Range  near  Tifton,   Georgia. 

Rodent  Population  Peaks  Soon  After  Clear  Cutting 

A  study  in  the  North  Carolina  Coastal  Plain  showed  that  the  population  of 
seed-eating  rodents  and  shrews  was  normally  low  in  mature,  uncut  stands. 
Figure  2  shows  that  in  successive  years  after  harvest  cutting,   the  number  of 
seeds  required  to  establish  one  pine  seedling  steadily  increases,   while  the  popu- 
lation of  small  mammals  peaks  during  the  first  growing  season  and  then  gradually 
declines.     The  divergence  of  the  two  trends  indicates  that  factors  other  than 
mammal  population  are  involved  in  the  successively  poorer  utilization  of  pine  seed. 
These  factors  probably  are  the  increased  amount  of  litter  on  the  seedbed  and  in- 
creased competition  from  hardwood  sprouts  and  other  vegetation. 
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Figure  2. — Trends  of  seedbed  deterioration  and  rodent  population  for  comparable  periods, 
Bigwoods  Experimental  Forest,   North  CaroUna. 


Scarification  Before  Logging  Improves  Pine  Stocking 

An  analysis  of  regeneration  records  on  four  40-acre  compartments  on  the 
Bigwoods  Experimental  Forest  in  eastern  North  Carolina  "shows  the  benefits  of 
scarification  with  a  tractor-drawn  disk  and  drag  before  clear  cutting  of  mature 
loblolly  pine  with  a  hardwood  understory.     In  the  new  stand,   at  5  to  6  years  of 
age,   the  basal  area  of  aP  stems  1  inch  and  over  shows  the  hardwood  component 
to  be  3|  times  greater  than  pine  on  compartments  which  were  untreated,   whereas 
on  compartments  which  had  been  disked  before  logging  the  pine  basal  area  is 
more  than  twice  the  hardwood  basal  area.     This  contrast  will  become  more  con- 
vincing with  time  because  on  the  untreated  area  the  majority  of  the  pine  stems  are 
subject  to  hardwood  competition,   whereas  on  the  disked  area  a  substantial  propor- 
tion of  pine  is  free  of  competition.     Near  the  Santee  Experimental  Forest  in  the 
South  Carolina  Coastal  Plain  similar  results  were  obtained  when  a  tractor-drawn 
disk  was  used  before  logging  to  prepare  the  seedbed.     Figures  3,   4,   and  5  illustrate 
this  comparison  on  one  area. 
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Figure  3. — Mature  stand  of  loblolly  pine-hardwoods  on  the  Francis  Marion  National 
Forest  in  Coastal  Plain  of  South  Carolina. 


Figure  4. --Same  area  as  figure  3,  four  years  after  logging,   showing  scattered  pine 
reproduction  in  heavy  hardwood  competition.     Larger  hardwoods  were 
poisoned  after  the  first  growing  season  at  cost  of  $2.08  per  acre. 
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Figure  5. — Same  general  area  as  figure  3  and  figure  4,   photographed  4  years  after 

logging.     Seedbed  scarified  with  tractor-drawn  disk  harrow  before  logging, 
and  large  hardwoods  poisoned.     Total  cost  of  scarification  and  poisoning 
was  $5.73  per  acre. 

Time  of  Cut  Important  in  Sand  Pine 

In  a  4-year  study  of  sand  pine  regeneration  on  the  Ocala  National  Forest 
in  Florida,    it  was  established  that  clear  cutting  of  mature  stands  from  August 
to  December  will  normally  result  in  satisfactory  regeneration  of  young  seedlings 
because  the  seeds  will  become  established  during  the  period  when  they  are  least 
likely  to  be  killed  by  high  surface  temperature.     Detailed  studies  have  shown 
that  heat  injury  is  a  major  cause  of  seedling  mortality  in  sand  pine. 

Drained  Cypress  Ponds  Reproduce  to  Slash  Pine 

Draining  waterlogged  areas  such  as  the  cypress  ponds  of  the  flatwoods  of 
south  Georgia  and  north  Florida  produces  an  area  capable  of  supporting  slash 
pine.     This  was  demonstrated  by  a  cooperative  study  with  the  Soil  Conservation 
Service  and  the  Altama  Plantation,   near  Brunswick,   Ga.     Figure  6  shows  portions 
of  the  area  before  drainage  in  1947,   and  5  years  later. 

Figure  7  shows  graphically  the  effect  that  distance  from  seed  source  has 
on  natural  restocking  of  the  drained  land.     Satisfactory  stocking  (50  percent  or 
more  of  the  milacres  stocked)  occurred  only  in  the  first  100  feet  from  the  seed 
source.     Between  100  feet  and  250  feet,    stocking  was  adequate  for  low  or  medium 
intensity  of  management  (20  to  50  percent).   Beyond  250  feet  from  the  seed  source, 
stocking  was  unsatisfactory  and  planting  would  be  required. 
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Figure  6. --Cypress  pond.    A,     Before  drainage  was  established;  no  slash  pine 

reproduction  is  present.  B,  Five  years  after  drainage,  pine  seedlings 
have  invaded  the  drained  land.  Stocking  was  satisfactory  up  to  250  feet 
from  an  established  seed  source. 
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Figure  7. --Natural  regeneration  of  slash  pine  in  drained  cypress  pond  near  Brunswick,   Ga. 

Aids  in  Predicting  Dominance  for  Pine  Seedling 

Forest  managers  constantly  have  to  try  to  predict  the  ultimate  dominance 
of  young  loblolly  pine  regeneration  in  competition  with  hardwoods.     Seedling 
vigor  of  loblolly  pine  as  reflected  in  subsequent  height  growth  was  found  to  be 
strongly  correlated  with  height,   number  of  branches,    and  the  previous  season's 
height  growth.     Coefficients  of  correlation  were  found  to  be 


Previous  season's  growth 

-      0. 

83 

Number  of  branches 

-      0. 

74 

Height 

-      0 

79 

Further  investigations  are  being  made  to  convert  this  type  of  information 
into  a  system  for  determining  the  need  for  silvicultural  treatment  of  reproduc- 
tion stands. 

Cooperative  Longleaf  Pine  Planting  Study 

Efforts  to  find  satisfactory  means  of  establishing  forest  stands  on  the  Sand- 
hills area  of  North  and  South  Carolina  are  continuing,    and  additional  studies  have 
been  established  in  cooperation  with  the  South  Carolina  Commission  of  Forestry. 
These  are  designed  to  develop  techniques  leading  to  the  successful  regeneration 
of  pine  on  the  extensive  areas  of  scrub  oak  in  the  Sandhills.     This  very  dry  year 


has  been  a  severe  test  for  all  the  planting  treatments,    and  the  fact  that  first-year 
longleaf  pine  survival  was  best  in  furrows  indicates  the  need  for  continuation  of 
site  preparation  studies. 

Direct  Seeding  Hampered  by  Rodents 

In  preliminary  tests  of  direct  seeding  of  longleaf  pine  in  the  Sandhills, 
carried  out  in  cooperation  with  the  Savannah  River  Project  of  the  Atomic  Energy 
Commission,   one -third  to  one -half  of  the  seed  was  lost  to  rodents  even  though 
the  seedspots  were  protected  by  pinned-down  wire  screen  cones  (fig.  8).     About 
90  percent  of  the  seed  was  lost  to  both  rodents  and  birds  when  the  spots  were  not 
protected. 


Bottomland  Hardwoods  Tested 

A  test  of  planted  bottomland  hard- 
woods is  continuing  in  the  South  Carolina 
Coastal  Plain.     Initial  survival  of  four 
hardwood  and  three  conifer  species  was 
excellent,  both  on  cleared  sites  and  under 
a  forest  canopy  (table  2). 

Root  Pruning  Benefits  South  Florida  Slash 
Pine  Seedlings 

Modification  of  nursery  technique  is 
one  means  of  producing  seedlings  better 
able  to  survive  outplanting.   Recent  research 
has  reduced  nursery  losses  through  seed 
treatment,   spraying,   and  fumigation  to  con- 
trol rusts,   nematodes,   and  damping  off. 
There  is  evidence  in  south  Florida  that  root 
pruning  seedlings  in  place  has  resulted  in 
an  increase  in  the  number  and  growth  of 
new  roots  after  planting  in  the  field,   and 
might  increase  survival. 


Figure  8. --Only  one  longleaf  pine  seedling 

escaped  rodent  depredation  on  this 
Sandhill  seedspot  protected  with 
pinned-down  screen  of  hardware 
cloth.     Note  entrance  to  rodent 
burrow. 
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Table  2.  --Midsummer  survival  by  species,    site  and  cover  for  bottomland 
hardwoods  planted  winter  of  1953-54  on  the  Santee  Experimental 
Forest,   S.    C.  ~" 


First  bottoms 


Terraces 


ojjcuitrs 

:  Cleared  : 
Percent 

Not  cleared 

:  Cleared  : 

Not  cleared 

Percent 

Percent 

Percent 

Yellow-poplar 

69 

77 

95 

98 

Shumard  oak 

98 

99 

99 

99 

Cherrybark  oak 

95 

96 

99 

100 

Sweetgum 

97 

95 

99 

99 

Redcedar 

21 

31 

23 

40 

Spruce  pine 

88 

92 

93 

96 

Loblolly  pine 

97 

99 

97 

98 

All  plantmg  stock 

85 

89 

91 

95 

Cherrybark  oak 

acorns 

31 

14 

42 

29 

Shumard  oak  acorns 

33 

11 

31 

23 

STAND  IMPROVEMENT 

Investigations  on  the  elimination  or  control  of  understory  hardwoods  in 
loblolly  pine  stands  continue  to  increase  our  ability  to  prescribe  satisfactory 
methods  to  accomplish  such  control  and  thus  regenerate  the  pine  stand 
successfully. 

Summer  Burning  For  Hardwood  Control  Tested 

Prescribed  burning  in  summer  is  a  promising  experimental  hardwood  con- 
trol measure  being  studied  in  the  Coastal  Plain.     Results  from  studies  in  South 
Carolina  show  that  best  results  are  obtained  from  a  few  successive  annual  summer 
fires.     This  was  purely  on  an  experimental  basis  and  is  not  generally  recommended, 
Summer  burning  has  been  done  on  the  Santee  Experimental  Forest  on  a  plot-wise 
basis  for  8  consecutive  years,    and  a  30-acre  pilot-plant  has  been  treated  success- 
fully by  prescribed  burning  for  the  dual  purpose  of  controlling  the  hardwoods  and 
preparing  the  seedbed  for  pine  reproduction  (fig.   9).     A  similar  study  has  been 
installed  on  a  series  of  40-acre  compartments  on  the  Camp  Experimental  Forest 
in  the  Coastal  Plain  of  Virginia.     Any  prescribed  burning  is  a  hazardous  operation, 
and  should   be  done  only  under  competent  supervision. 

Understory  Removal  Does  Not  Affect  Pine  Growth 

The  effect  of  removal  of  the   understory  vegetation  on  the  subsequent  growth 
of  a  pine  overstory  was  investigated  in  a  50-year-old,    even-aged  loblolly  pine 
stand  in  South  Carolina.     A  tally  of  the  areas  before  treatment  showed  10,434 
shi-ubs  and  small  hardwoods  per  acre  below  7  inches  in  diameter  in  the  understory. 
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Figure  9.  --A,   Stand  of  loblolly  pine  sawtimber  on  the  Santee  Experimental  Forest  in  the 
Coastal  Plain  of  South  Carolina.    _B,   Same  area  6  years  later,    after  two  im- 
provement cuts  and  four  prescribed  fires  (one  winter  fire  to  reduce  fuel, 
followed  by  three  annual  summer  fires). 
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Growth  of  the  overstory  pines  for  a  5-year  period  was  about  the  same  on  un- 
disturbed control  plots  as  on  plots  which  received  various  understory  treatments 
listed  in  table  3. 

Table  3.  --Overstory  pine  growth  in  5  years  as  affected  by  understory  hardwoods 
on  the  Santee  Experimental  Forest,   S.    C. 


Understory  treatment '_    Average  d.b.h.  ".    Radial  growth 


Basis 


Inches 


Inches 


Number  of  trees 


Control 

12.7 

0.36 

69 

Annual  foliage  spray 

12.7 

0.37 

61 

Annual  summer  fire 

12.6 

0.35 

73 

Annual  winter  fire 

12.3 

0.38 

68 

Tests  of  Weeding  to  Free  Pine  Seedlings 

Tests  of  weeding  3 -year -old  loblolly  pine  indicate  that  the  most  thorough 
release  was  obtained  by  cutting  and  spraying  poisons  on  the  cut  stumps,  but 
release  by  cutting  alone  was  satisfactory  at  about  half  the  cost  (table  4).     On 
this  extremely  brushy,   high-site  (105  ft.)  area,   the  pine  seedlings  were  able  to 
keep  ahead  of  the  sprouts  that  resulted  from  cutting.     On  the  other  hand,    in  areas 
where  the  hardwoods  and  brush  may  give  more  serious  competition  to  the  pine 
seedlings,   more  effective  and  more  expensive  methods  may  be  preferred. 

Table  4.  --The  relative  success  of  various  weeding  treatments  after  four  growing 
seasons  on  the  Santee  Experimental  Forest,    S.   C. 


Treatment  i/ 


Relative 
cost  ^ 


Seedlings 
free  to  grow 


Average 
total  height 


3/ 


Index 

P; 

ercent 

Feet 

0 

22 

4.9 

lical 

100 

71 

6.7 

124 

80 

7.2 

188 

70 

7.6 

s 

194 

97 

8.8 

Check,   no  treatment 

Cut  competing  stems,    no  chemical 

No  cutting,   basal 

spray  with  2,  4,  5-T 
No  cutting,   brush 

2,  4,  5-T  on  stems 
Cut  competing  stems  and 

spray  2,  4,  5-T  on  stumps 


11    Each  treatment  replicated  3  times  on  l/40th-acre  plots. 

2/    Includes  labor  and  chemical  charges,    relative  to  cutting  only, 

3/    Based  upon  the  best  75  seedlings  for  each  treatment. 
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PLANTATION  STUDIES 

Management  of  Plantations  Stressed 

In  recent  years  there  has  been  a  recognized  need  to  expand  the  study  of 
forest  management  systems  by  including  clear  cutting  and  planting  as  a  system 
of  management.     This  recognition  has  been  intensified  by  the  large  areas  of 
planted  pines  now  reaching  commercial  size  (fig.  10)  as  well  as  a  trend,   in  some 
instances,   toward  small  products  and  short  rotations.     As  a  result  of  a  con- 
ference with  industrial  and  other  foresters,   the  compartment  management  plan 
on  the  Olustee  Experimental  Forest  has  been  revised  to  include  clear  cutting 
and  planting  as  one  of  the  treatments  under  test.     In  Georgia,    a  plantation 
management  study  of  slash  pine  including  four  rotations  ranging  from  19  to 
50  years  has  been  established,   and  after  a  harvest  cut  each  area  will  be  re- 
planted.    The  schedule  of  thinning  (T)  and  harvesting  (H)  in  this  study  is  shown 
in  table  5. 


Table  5.  --Schedule  of  cutting 


Rotation 

Plantation  age 

(Years) 

19  : 

25  : 

30  :  35  :  40 

45 

50 

19 

H 

25 

T 

H 

35 

T 

T 

T       H 

50 

T 

T 

T        T       T 

T 

H 

In  south  Florida,    a  study  is  under  way  involving  200,   400,    600,   800,    1000,    and 
1200  planted  trees  per  acre,  using  both  square  and  rectangular  spacing. 

Different  Species  Tested 

The  development  of  four  species  of  southern  pine  will  be  followed  on  four 
important  soil  types  in  the  flatwoods  in  north  Florida.     The  first-year  survival 
was  low  in  this  study  owing  to  drought  conditions,   but  it  is  interesting  to  note 
in  table  6  that  loblolly  pine  survival  was  uniformly  higher  than  that  of  either 
slash  or  longleaf  pine  on  all  soil  types,   and  sand  pine  made  a  good  comparative 
showing  on  the  drier  sites. 

Table  6.  --Survival  of  comparison  plantations--!  year 


Soil 


Survival 


:  Topographic  : 

:      position         :  Slash  :  Loblolly  :  Longleaf  :    Sand 


Mean 


Blanton 
Leon (hardpan) 
Leon  (softpan) 
Plummer 


Ridge  40              41 

High  flatwood  64               78 

Low  flatwood  57               64 

Pond  margin      78 88_ 


ercent  - 

-  -  -  - 

26 

48 

38.8 

47 

65 

63.5 

44 

47 

53.0 

69 

45 

70.0 

Mean 


59.8 


67.8 


46.5 


51.2        56.3 
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Figure  10. — 127-acre  plantation  near  Cordele,   Ga. ,   at  end  of  nineteenth  growing  season. 
The  first  thinning  removed  6.14  cords  per  acre  in  trees  worked  6  years  for 
naval  stores. 

Study  Plantation  Thinning 

A  cooperative  study  involving  methods  of  thinning  plantations  has  been 
developed  with  the  Geor-gia  Forestry  Commission.     One  hundred  and  twenty 
acres  of  planted  slash  pine  at  Milledgeville  will  be  used  to  compare  row  thin- 
ning,   selection  thinning,   diameter-limit  thinning,    and  no  thinning. 

Reinforcement  Planting  Fails 

A  slash  pine  plantation  that  was  originally  planted  15x15  feet,    and  then  a 
year  later  had  a  reinforcement  planting  to  bring  up  the  stocking,    shows  that  a 
difference  of  only  1  year  in  age  of  planted  trees  can  result  in  suppression  of 
young  trees  (fig.  11).     The  spacing  after  the  interplanting  was  7|xl5.     Measure 
ments  made  8  years  after  the  reinforcement  planting  show  the  following  differ- 
ence in  average  size  of  the  interplants  and  first  plantings. 

Average  d  .  b.  h.      Average  height 
(Inches)  (Feet) 


First  planting 
Interplants 


5.1 
2.6 


27.6 
19.1 


Mortality  was  considerably  higher  among  the  interplanted  trees,    and  the 
suppressed  condition  of  the  remaining  trees  indicates  that  the  mortality  rate  of 
these  reinforcement  trees  will  continue  to  increase. 
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Figure  11. --At  left  and  right  are 
slash  pine  planted  15x15  feet  at 
Cordele,   Georgia.     One  year  later 
they  were  reinforced  with  inter- 
vening trees  such  as  the  center  row. 
These  reinforcement  trees  have 
been  so  suppressed  they  will 
probably  not  pay  the  cost  of  planting. 
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MANAGEMENT  OF  PIEDMONT  HARDWOODS 

In  view  of  the  steadily  increasing  acreage  of  southern  hardwoods  and  the 
shortage  of  information  about  these  species,   new  funds  were  made  available  by 
the  Congress  in  1954  for  research  in  the  management  and  utilization  of  hardwoods 
in  the  Piedmont.     The  management  studies  will  be  under  the  Athens -Macon  Re- 
search Center  in  Georgia  and  the  Piedmont  Research  Center  at  Union,   South 
Carolina. 

The  Athens -Macon  Research  Center  is  cooperating  with  the  Forest  Survey 
in  preparation  of  a  report  on  the  status  of  the  Piedmont  hardwood  resource. 
Personnel  of  the  new  hardwood  management  project  at  Athens  are  preparing  a 
project  analysis  which  will  chart  the  course  of  the  Station's  future  research  in 
this  field  of  work.     Late  in  1954  they  also  initiated  studies  of  the  growth  rates 
and  regeneration  of  different  Piedmont  hardwood  species,    in  cooperation  with  the 
School  of  Forestry  of  the  University  of  Georgia. 
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Arrangements  are  being  made  between  the  Southeastern  Forest  Experiment 
Station,   the  Furniture,    Plywood,   and  Veneer  Council  of  the  North  Carolina  For- 
estry Association,    and  the  Duke  Power  Company  of  Charlotte,    North  Carolina, 
for  the  establishment  of  an  experimental  forest  for  hardwood  management  research 
in  Piedmont  North  Carolina.     The  Council  will  provide  the  services  of  a  forester 
who  will  work  half  time  on  research,    and  the  Duke  Power  Company  will  provide 
an  experimental  area.     The  Station  will  provide  a  full-time  forester  for  research. 
The  research  will  be  under  the  guidance  of  a  12-man  steering  committee  repre- 
senting industry,   forest  schools,   Duke  Power  Company,   and  the  Station,   and 
the  direction  of  the  work  will  be  under  the  Leader  of  the  Piedmont  Research 
Center  at  Union,   S.   C.     Personnel  are  being  selected  and  the  work  will  get  under 
way  early  in  1955, 

The  Station  will  also  initiate  research  at  Union,   South  Carolina,   on  the 
soil  requirements  for  growing  different  species  of  Piedmont  hardwoods. 


FARM  WOODLAND  MANAGEMENT 

Returns  to  Farmer  Operator  Reported 

Two  formal  reports  on  the  operation  of  the  farm  woodland  tracts  on  experi- 
mental forests  were  issued  in  the  past  year.     An  8 -year  summary  of  the  results 
of  four  woodlands  in  the  Appalachians  shows  that  if  the  timber  is  of  average  size 
and  stocking  a  farmer  or  small  woodland  owner  should  be  able  to  realize  $3.00 
per  acre  per  year  from  the  sale  of  stumpage  alone.     If  he  is  able  to  cut  and  haul 
the  products  of  the  woodland,   this  per-acre  amount  can  be  increased  fivefold.   Ten 
years  of  operation  of  the  Olustee  farm  woodland  in  Florida  was  reported  in  a 
circular  issued  jointly  with  the  Agriculture  Extension  Service  in  Florida.     The 
report  shows  that  in  spite  of  its  initial  rundown  condition,   the  pine  portion  of  the 
woodland  has  given  an  annual  net  return  over  10  years  of  $2.51  per  acre  for 
stumpage  plus  an  average  of  79  cents  per  hour  of  labor  after  all  costs  are 
deducted.     The  next  period  of  management  of  woodlands  in  both  the  mountains 
and  the  flatwoods  should  show  even  higher  returns,   as  the  improvement  stage  of 
management  is  over  and  the  effects  of  the  improvement  operation  will  accrue. 

Stocking  Increased  Under  Management 

On  the  Santee  Experimental  Forest  a  5-year  summary  of  farm  woodland 
operations  indicates  a  $4.82  per-acre  per-year  return  for  stumpage  plus  $1.02 
per  hour  for  labor  and  an  estimated  increase  in  stand  per  acre  from  3300   to 
3550  board-feet,    as  the  annual  harvest  cuts  have  been  less  than  the  growth. 

Naval  Stores  Income  High 

The  naval  stores  operation  of  553  working  faces  on  the  farm  woodland  of 
the  George  Walton  Experimental  Forest  in  Georgia  continues  to  yield  at  a  rate 
of  over  300  barrels  of  gum  per  crop  for  the  third  successive  year.     This  indicates 
a  gross  return  of  over  75  cents  per  face  per  year  for  the  naval  stores  operation. 
The  average  diameter  of  the  trees  involved  is  over  14  inches,    well  above  that  of 
the  average  naval  stores  operation. 
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SILVICULTURE 

Growth  Rate  of  Different  Species  on  the  Same  Land 

In  deciding  what  species  to  plant  on  a  given  site  or  what  species  to  favor 
in  making  improvement  cuttings  in  mixed  stands,   we  need  much  better  informa- 
tion than  we  now  have  on  the  productivity  of  the  same  land  for  different  species. 

A  step  in  this  direction  is  the  installation  of  soil-site  studies  in  the 
mountains  of  North  Carolina  designed  to  correlate  soil  characteristics  and  site 
index  for  the  various  important  forest  species.     Preliminary  site  index  compari- 
sons reflecting  the  height  growth  of  different  species  on  the  same  land  have  been 
made  on  the  Bent  Creek  Experimental  Forest.     These  comparisons  are  shown  in 
figure  12.     At  age  50,    white  pine  appears  to  be  superior  in  height  growth  to  all 
other  species  except  yellow-poplar  on  the  very  best  sites.     Of  species  sampled, 
yellow-poplar  is  the  most  responsive  to  change  in  site. 

Analyses  are  now  being  made  of  the  particular  soil  and  topographic 
features  which  may  be  useful  in  predicting  the  site  index  for  each  major  species. 
Future  studies  will  obtain  this  information  for  other  species  and  other  portions 
of  the  Appalachian  mountain  area. 

Northern  Red  Oak  Shows  Sustained  High  Growth  Rate 

Growth  studies  on  the  Bent  Creek  Experimental  Forest  show  northern 
red  oak  is  outstanding  among  the  Appalachian  hardwood  species  in  sustained 
diameter  growth  and  quality  increment  in  board -feet.     Saw-log  trees  up  to 
36  inches  in  diameter,    classed  as  high  vigor  on  the  basis  of  crown  and  bark 
characteristics,    averaged  3.6  inches  in  diameter  growth  in  10  years. 


Figure  12. — Preliminary  comparison  of  site  indices  for  several  different  species  on  the  same 
land  in  the  Southern  Appalachians.    For  excimple,  for  land  that  is  site  index  90 
for  white  pine,   read  down  and  across  to  find  that  this  same  land  may  average 
site  80  for  yellow-poplar  and  site  70  for  shortleaf  pine, 
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Forest  Soil  Studies 

Two  reports  have  been  issued  jointly  with  the  Division  of  Watershed  Manage- 
ment on  the  methods  and  equipment  used  for  measuring  the  characteristics  of 
forest  soils.     One  report.    Station  Paper  38,    covered  the  methods  for  determining 
soil  moisture  under  field  conditions,    and  the  other.    Station  Paper  42,    concerned 
sampling  for  pore  space  and  percolation.     Another  joint  study  with  the  Division  of 
Watershed  Management  reported  the  annual  litter  fall,    weight  of   forest  floor,    and 
the  incorporation  of  organic  matter  in  the  surface  foot  of  mineral  soil  for  pine, 
pine-hardwood,    and  hardwood  stands  in  the  South  Carolina  Piedmont  (fig.  13). 
Organic  matter  in  the  mineral  soil  ranged  from  25,780  pounds  per  acre  under 
young  loblolly  pine  to  83,550  pounds  under  old  hardwoods,    whereas  the  forest 
floor  above  the  mineral  soil  contained  2  or  3  times  as  much  material  under  pine 
as  under  hardwood.     The  more  rapid  decomposition  under  hardwoods  is  apparent. 
Separate  determinations  by  2 -inch  layers  of  soil  showed  the  trends  in  nitrogen 
content  parallel  to  those  for  organic  matter. 

Report  on  Nomenclature  of  Slash  Pine 

In  1953  the  Station  reported  the  change  in  name  of  slash  pine  from  Pinus 
caribaea  Morelet  to  Pinus  elliottii  Engelm. ,    and  the  designation  of  South  Florida 
slash  pine  as  a  separate  variety  (Pinus  elliottii  var.  densa.    Little  and  Dorman). 
During  1954  the  Station  issued  a  comprehensive  82 -page  report.   Station  Paper  36, 
"Slash  Pine  (Pinus  Elliottii)  Including  South  Florida  Slash  Pine,  "  which  gives  in 
detail  the  botanical  basis  for  the  change  in  name  and  for  the  establishment  of  the 
new  variety. 
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Figure  13. — Weight  in  tons  per  acre  of  organic  matter  under  some  Piedmont  forest  stands 
in  South  Carolina. 
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TREE  IMPROVEMENT  AND  GENETICS 

A  survey  of  the  research  effort  of  the  Station  in  the  field  of  forest  genetics 
discloses  an  impressive  expansion  during  the  past  year.     The  increase  has  been 
greater  in  forest  genetics  than  in  any  other  field  in  which  the  Station  operates. 
Much  of  this  research  is  being  conducted  as  a  joint  or  cooperative  effort  with 
other  agencies  and  organizations.     Some  phases  are  financed  jointly  by  the  Station 
and  the  Florida  Board  of  Forestry.     A  similar  joint  financing  agreement  has  been 
made  with  the  Georgia  Forest  Research  Council.     These  arrangements  have  made 
possible  the  erection  of  new  greenhouse  and  laboratory  facilities,    as  well  as  the 
employment  of  additional  technical  personnel. 

Coordinated  studies  are  in  progress  involving  such  agencies  as  the  Schools 
of  Forestry  at  the  Universities  of  Georgia  and  Florida,   the  Georgia  Forestry 
Commission,   the  Georgia  Agricultural  Experiment  Station,   the  Ida  Cason 
Callaway  Foundation  Tree  Improvement  Project  at  Hamilton,   Ga.,    the  Maria 
Moors  Cabot  Foundation  of  Harvard  University,    TVA,   the  Central  States  Forest 
Experiment  Station,    and  the  Committee  on  Southern  Forest  Tree  Improvement. 
Many  lumber  and  paper  companies  have  cooperated  by  providing  land  and  ser- 
vices to  the  various  research  centers. 

Early  Results  Show  Significant  Trends 

While  genetics  research  is  by  nature  a  long-time  undertaking  and  early 
conclusive  results  cannot  be  expected,   there  have  been  many  significant  findings 
and  observations  made  in  the  past  year.     The  Station  has  published  in  Station 
Paper  46.    "How  to  Root  and  Graft  Slash  Pine,  "  a  graphic  exposition  of  techniques 
tested  at  the  Lake  City  Research  Center  for  asexual  propagation  of  pines  (fig.    14). 
The  perfection  of  air-layering  techniques  (see  1953  Annual  Report)  has  enabled 
workers  at  Lake  City  to  obtain  a  high  percentage  of  success,    in  contrast  to  the 
low  percentage  which  characterized  initial  attempts  to  root  severed  cuttings  of 
slash  pine.     Other  publications  have  explained  the  techniques  of  grafting  very 
young  seedlings  upon  stock  of  related  species  or  even  a  different  genus,    and 
contain  interim  suggestions  for  seed  orchard  development. 


Match  cambiurnof 
stock  and  scion- 
press  firmly 

Brush 


Figure  14. — Final  steps  in  making  a  "bottle  graft"  on  slash  pine.     This  method  can  be 

used  for  grafting  in  the  field  and  does  not  require  a  greenhouse  or  controlled 
environmental  conditions. 


20   - 


Eai^ly  observations  on  seed-source  studies  have  shown  racial  differences 
that  would  be  of  interest  to  the  practicing  forester  as  well  as  the  geneticist.   In 
Florida,    slash  pine  seedlings  from  Polk  County  seed  were  significantly  shorter 
than  those  from  four  other  geographic  seed  sources  growing  beside  them  (fig.  15), 
Polk  County  constitutes  the  southern  limit  of  the  natural  range  of  typical  slash 
pine  and  the  northern  range  of  South  Florida  slash  pine.     Other  observations  and 
comparisons  indicate  that  Polk  County  seed  may  contain  a  relatively  high  per- 
centage of  "hybrids"  between  the  two  varieties  of  slash  pine. 
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Figure  15. — Total  height  and  survival  of  slash  pine  seedlings  from  five  geographic  sources 
outplanted  in  Baker  County,   Florida. 


Records  of  infestations  by  a  small  bark  beetle  on  scions  of  grafted  slash 
pine  demonstrate  a  definite  relationship  between  the  geographic  origin  of  the 
scion  and  its  susceptibility  to  attack  by  this  insect.     Fifth-year  examination  of 
a  cooperative  test  of  loblolly  pine  seed  sources  in  South  Carolina  show  differ- 
ences in  plantation  survival,   height  growth,    and  susceptibility  to  Nantucket  pine 
tip  moth.     At  Bent  Creek  in  North  Carolina  a  test  of  six  seed  sources  of  red  oak 
for  the  Maria  Moors  Cabot  Foundation  shows  better  survival  from  northern  seed 
sources  and  better  growth  from  southern  ones  at  the  end  of  2  years.     Seedling 
groups  from  various  mother  trees  in  Georgia  varied  widely  in  early  vigor  for 
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both  slash  and  loblolly  pine.     Plots  of  a  seed -source  study  of  longleaf  pine 
planted  in  southeastern  Virginia  had  a  high  percentage  of  Sonderegger  pine 
seedlings  from  the  lot  of  seed  collected  locally  at  the  northern  limit    of   long- 
leaf,    although  Sonderegger  pines  were  supposedly  culled  at  the  nursery;  only 
seedlings  with  no  apparent  height  growth  at  1  year  were  planted.    One  planted 
seedling  was  1.  5  feet  tall  at  the  end  of  the  second  year  from  seed. 

Development  of  High-Yielding  Naval  Stores  Pines 

In  an  earlier  study  of  the  factors  affecting  gum  flow,    an  equation  was 
worked  out  estimating  the  relative  yielding  capacity  of  slash  pine  trees.     This 
equation  shows  that  flow  rate  of  gum  in  a  random  sample  of  trees  is  proportional 
to  the  number  of  radial  resin  ducts  per  unit  area  multiplied  by  the  average  size 
of  the  ducts  and  divided  by  the  viscosity  of  the  gum.     The  next  step  was  to 
determine  which  of  these  factors  are  inherited  and  to  what  extent. 

In  a  progeny  test  of  slash  pine  trees  (fig.  16)  it  was  demonstrated  that  gum 
yield  is  an  inherited  characteristic  in  slash  pine.     Progeny  from  outstanding 


Figure  16. --Keith  W.  Dorman,   who 
control-bred  and  planted  the  first 
seedlings  for  progeny  testing  of 
high-yielding  turpentine  pines,   and 
Francois  Mergen,   who  demonstrated 
the  inherited  nature  of  gum  yield  and 
viscosity,  observe  the  fruits  of  their 
handiwork  in  a  9-year-old  slash  pine 
plantation. 
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phenotypes  produced  larger  quantities  of  gum  than  did  progeny  of  average 
trees  (fig.    17).     As  was  expected,   not  all  of  the  selected  high-yielding  parents 
were  capable  of  transmitting  high  yield  to  their  progeny.     Thus,   progeny  test- 
ing is  essential  before  a  selection  is  accepted  for  further  breeding  work. 


ohw- 


40  4  5  50 

0     B    M     (INCMESi 


Figure  17. --Gum  yields  of  progeny 
resulting  from  open  pollination  and 
from  controlled  pollination  of  high- 
yielding  and  aver  age -yielding  parent 
trees  of  slash  pine.     The  results 
demonstrate  that  gum  yield  is  an 
inherited  trait  in  this  species. 


Results  on  the  inheritance  pattern 
of  gum  viscosity  proved  this  trait  to  be 
under  rigid  genetic  control.     The  effect 
of  female  parent  and  male  parent  on 
the  progeny  was  clearly  demonstrated 
(fig.    18). 
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Figure  18. --Relationship  between  viscosity  of  gum  from  male  and  female  parents  writh 
that  of  their  progeny,   demonstrating  the  inheritance  of  viscosity. 
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The  number  and  size  of  radial  resin  ducts  changed  rapidly  with  an  increase 
in  age  during  the  first  15  years  in  the  life  of  the  parents.     This  change  probably 
accounts  for  the  fact  that  no  correlation  was  found  between  parents  and  their  9- 
year-old  progeny  with  respect  to  these  factors.     These  measurements  will  be  re- 
peated periodically  during  the  life  of  the  progeny  to  see  whether  the  correlation 
improves  when  size  and  number  of   ducts  approach  constant  values. 

Scions  from  11  tested  high  yielders  were  grafted  on  wildling  stock  for  the 
purpose  of  establishing  a  3-acre  seed  orchard  on  the  Osceola  National  Forest. 

Inheritance  of  Defo rmity  and  Growth  in  Slash  Pine 

Deformity  of  stem  as  evidenced  by  a  crook  in  the  lower  portion  of  the  bole 
was  shown  to  be  an  inherited  characteristic.     When  the  deformed  tree  was  used 
as  either  the  male  or  female  parent,   over  65  percent  of  the  progeny  exhibited 
the  tendency  to  crook  in  an  8 -year-old  plantation  of  slash  pine.     Among  other 
trees  in  the  plantation,   only  44  percent  had  any  signs  of  crook.     The  desirability 
of  cross -pollination  in  seed  production  was  emphasized  by  data  showing  that  in 
a  4-year-old  slash  pine  progeny  plantation,    trees  resulting  from  self -pollinated 
seed  were  significantly  shorter  than  those  produced  from  seed  of  the  same 
parent  tree  resulting  from  either  open  or  controlled  pollination  (table  7). 


Table  7.  --Total  height  of  5-year-old  slash  pines 
having  one  common  parent 


Type  of  pollination       ;         Height         ;        Trees 


Wind 

Cross  (xG5) 
Cross  (xGll) 
Selfed 


Feet 

Number 

4.6 

27 

4.6 

69 

4.8 

68 

3.7 

25 

A  start  was  made  with  a  small  arboretum  at  Olustee,   Florida,    composed 
exclusively  of  pines  not  native  to  the  southeastern  United  States.     Two-year-old 
stock  of  33  species  and  proveniences  were  planted  in  lots  of  25  seedlings.     The 
purpose  of  this  collection  of   exotics  is  to  observe  growth  and  development  and 
to  breed  for  desirable  characteristics. 

The  genetics  research  program  at  the  Station  is  a  correlated  effort  with 
the  active  cooperation  of  many  organizations.     The  many  studies  at  the  various 
research  centers  will  provide  factual  data  at  an  increasing  rate  for  many  years 
to  come. 
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PRUNING 

Slash  Pine  Pruning  Schedule  Proposed 

Pruning  slash  pine  plantations  can  be  accomplished  economically  in  a  two- 
step  operation.     A  study  on  the  George  Walton  Experimental  Forest  in  Georgia 
indicates  that  slash  pine  planted  on  a  good  site  can  be  artificially  pruned  first 
at  5  or  6  years  of  age  to  a  height  of  8  feet.     At  10  or  12  years  the  pruning  can 
be  extended  to  17  feet.    By  this  method  the  knotty  core  of  the  butt  log  is  held  to 
minimum  size.     At  no  time  is  the  crown  ratio  reduced  below  50  percent  of 
height;  thus  rapid  growth  can  be  maintained. 

Bud  Pruning  Not  Recommended  for  White  Pine 

Bud  pruning  is  not  recommended  as  a  method  of  pruning  eastern  white 
pine.     In  bud  pruning,    all  lateral  buds  and  branches  are  removed  except  on 
I2  to  2  feet  of  the  stem  at  the  base  of  the  tree.     Each  succeeding  year  all  the 
new  lateral  buds  are  either  rubbed  or  cut  off,    leaving  an  erect  stem  termi- 
nating in  a  single  living  bud.     This  is  continued  until  at  least  one  log-length 
of  stem  is  entirely  free  of  branches.     A  test  at  the  Bent  Creek  Experimental 
Forest  in  North  Carolina  showed  that  this  method  is  expensive  because  pro- 
lific lateral  bud  replacement  necessitates  more  than  one  pruning  each  season. 
The  bud-pruned  trees  seem  to  have  an  unusual  attraction  for  the  white  pine 
weevil  (table  8).     A  bud-pruned  tree  successfully  attacked  by  weevils  is 
seriously  deformed  and  retarded. 

Table  8.  --Incidence  of  weevil  attack  on  unpruned  and  bud-pruned  white  pine 


Weeviled 


Number  of  white  pine  trees 
•      Not  weeviled         ■ 


Total 


Bud-pruned 
Unpruned 
Total 


u 


21 
3 


147 
196 


168 
199 


24 


343 


367 


Xl     Chi-square  tests  indicate  statistical  significance  at  the  1 -percent 
level  of  probability. 


THINNING 

Precommercial  Thinning   Aids  Diameter  Growth  of  Slash  Pine 

A  commercial  pulpwood  thinning  netting  $12.00  per  acre  stumpage  was 
made  in  a  20-year-old  slash  pine  stand  in  Florida,    which  had  been  pre- 
commercially  thinned  to  6-by-6-foot  spacing  10  years  previously  at  a  cost 
of  1  man-day  per  acre.     The  unthinned  portion  of  the  same  original  stand 
still  does  not  contain  enough  stems  of  merchantable  size  for  a  pulpwood  cut. 


-  25  - 


A  light  precommercial  thinning  (leaving  about  800  trees  per  acre)  con- 
tinued to  show  the  highest  rate  of  growth  in  a  study  of  stand  density  19  years 
after  precommercial  thinning  in  Florida.     The  data  in  table  9  are  from  a  26- 
year-old  slash  pine  stand  precommercially  thinned  in  1935  at  the  age  of  7 
years.     A  commercial  thinning  was  made  in  1945,   and  total  production  was 
computed  after  an  inventory  in  1954. 

Table  9.  --Diameter,   basal  area,    volume,    and  growth  of  26-year-old 

slash  pine  thinned  precommercially  to  different  density  when 
7  years  old  (acre  basis) 


Degree  of  thinning,  : 

Volume 

:   Avg.d.b.h. 

.    Basal 

:     Stand 

Mean  annual 

1935  (and  number     : 

cut 

:       100  best 

area 

:  volume 

growth 

of  trees  left)               : 

1945 

:   trees,    1954 

:      1954 

:      1954 

26  years 

Cords 


Inches 


St. ft. 


Cords 


Cords 


Heavy  (200) 



11.54 

105.5 

34.5 

1.33 

Moderate  (400) 

5.9 

11.40 

120.2 

40.2 

1.77 

Light  (800) 

8.8 

10.05 

151.1 

52.6 

2.36 

Check 

6.2 

9.17 

149.7 

42.1 

1.86 

Pine  Growing  Space  Study 

On  the  Hitchiti  Experimental  Forest,    72  plots --which  are  part  of  a 
regional  study  of  growing  space  for  loblolly  pine --were  remeasured  5  years 
after  installation.     Of  significance  was  the  finding  that  gross  cubic  growth  during 
the  5-year  period  was  correlated  only  with  site  index.     Age  and  stand  density 
over  the  range  sampled  had  no  real  effect  upon  the  per -acre  growth.     As  only 
five  plots  of  this  study  had  an  initial  stocking  below  80  square  feet  basal  area, 
it  was  decided  to  reduce  the  stocking  on  19  of  the  uncut  plots  so  that  for  the 
next  period  a  range  of  25  square  feet  to  170  square  feet  basal  area  is  being 
carried.     Other  installations  of  this  same  study  involving  59  plots  on  the  Santee 
Experimental  Forest  and  24  plots  in  Virginia  were  remeasured  during  the  past 
winter,    and  the  data  are  in  the  process  of  analysis. 

A  working  plan  has  been  approved,    and  installation  started  on  a  large 
study  of  growing  space  for  slash  pine  in  Georgia  and  Florida.     The  active 
cooperation  of  several  private  companies  is  involved  in  this  study.     A 
similar  project  also  will  be  started  in  the  shortleaf  pine  type  as  soon  as 
resources  permit. 

FINANCIAL  ASPECTS 

Skidding  time  per  M.b.f.    is  not  affected  by  the  amount  of  the  cut  per 
acre,   but  felling  and  bucking  time  in  mountain  hardwoods  are  closely  related 
to  the  volume  cut  (fig.  19).     These  results  were  obtained  from  an  analysis  of 
the  data  from  logging  more  than  1400  acres  by  both  hand  and  power  methods 
in  the  large-scale  test  of  management  systems  on  the  Bent  Creek  Experimental 
Forest. 
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Figure  19,  --Relation  of  volume  cut  per  acre  to  felling  and  bucking  time  using  hand  or 
power  tools. 


During  the  manufacture  of  mountain  hardwood  lumber  it  was  shown  that 
sawing  extra  thickness  (over  4/4)  at  band  mills  increased  the  dollar  value  an 
average  of  $6,50  per  M,b.f.     The  effect  varied  with  species  as  shown  by  the 
following  tabulation. 


Species 


Increase 
(Dollars  per  M.b.f.) 


Yellow-poplar 

Ash,  birch,  buckeye,  scarlet  oak, 

sugar  maple,   and  red  maple 
Black  cherry,  chestnut  oak,    and  white  oak 
Northern  red  oak,    and  black  oak 
Beech 

Average  of  all  species 


1.50 

3.25 

8.80 

10.50 

15.75 

6.50 


A  mill-scale  study  was  made  of  the  grade-yield  of  mountain  pine  logs 
for  a  location  in  North  Carolina,     The  differences  in  percentage  grade-yield 
between  this  study  and  both  the  Piedmont  and  Coastal  Plain  mill-scale  studies 
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reported  last  year  emphasize  the  importance  of  local  grade-yield  information. 
Grading  the  logs  by  the  "interim  U.S.  Forest  Service"  log  grades  will  separate 
the  logs  into  quality  groups,   but  the  percentage  grade-yield  from  one  grade  of 
logs  in  one  locality  will  differ  from  that  of  the  same  grade  of  logs  in  another 
location.     This  difference  is  a  result  of  the  past  history  of  the  forest  stand  and 
environmental  factors  affecting  the  quality  of  the  wood,    as  well  as  the  particular 
conditions  of  manufacture  of  the  logs  into  lumber.     Local  grade-yield  studies 
provide  on-the-spot  grade  recoveries  which  are  more  applicable  for  that  area 
and  condition  than  any  values  measured  elsewhere. 


WIND  DAMAGE 

Occasional  high  winds  take  a  small  but  regular  toll  of  seed  trees  left 
after  harvest  cuts  of  pine  in  the  Coastal  Plain.  Severe  winds  of  hurricane 
force  intensify  the  damage  and  may  result  in  a  substantial  loss  of  standing 
timber  in  a  short  period. 

The  center  of  Hurricane  Hazel  passed  less  than  100  miles  west  of  the 
Bigwoods  Experimental  Forest  in  northeastern  North  Carolina  between  3:00 
and  5:00  p.m.   on  October  15,    1954.     An  inventory  of  the  pine  mortality  was 
made  on  1,020  acres  of  the  Forest.     The  damage  was  extensive.     Winds  up 
to  100  miles  per  hour  were  reported  in  eastern  Virginia  and  Carolina.     The 
soils  were  dry  and  firm,    as  there  had  been  no  rain  for  2  weeks,    and  only 
0.85  inch  fell  during  the  storm.     Most  of  the  damaged  trees  were  broken, 
not  uprooted.     Trees  with  heart  rot,    cankers,    stump  rot  or  worm  holes  gave 
way  at  the  point  of  defect;  forked  trees  parted  at  the  crotch;  and  sound  trees 
splintered  at  various  points  from  within  the  crown  to  ground  level,   but 
generally  within  the  first  two  logs  of  the  4-  and  5-log  trees. 

The  large-scale  test  of  management  systems  on  40-acre  blocks  on  the 
Bigwoods  Forest  afforded  a  fin'e  opportunity  to  observe  the  relation  of  hurri- 
cane damage  to  the  system  of  management.     The  greatest  damage  occurred  in 
areas  with  scattered  large  seed  trees.     There  were  five  compartments  con- 
taining 180  acres  of  stands  averaging  967  board  feet  in  2  seed  trees  per  acre. 
The  volume  loss  in  these  areas  was  59  percent.     Two  uncut  stands  totalling 
40  acres  lost  9  percent  of  their  volume.     Thirteen  selection  system  compart- 
ments totalling  454  acres,   where  one  to  several  cyclic  cuts  had  removed  many 
of  the  poor-risk  trees,    lost  only  4  percent. 

The  severity  of  damage  was  directly  correlated  with  the  average  size 
of  seed  trees  left  and  the  extent  of  exposed  edges  of  the  stand.     The  exposure 
of  stand  edges  on  the  margins  of  these  40-acre  compartments  would  be  more 
or  less  representative  of  small  timber  tracts  in  general. 

Figure  20  illustrates  the  effect  of  "endemic"  and  "epidemic"  wind 
upon  stands  of  residual  seed  trees.     Figure  20  A  was  taken  in  a  seed  tree 
stand  some  time  after  a  very  localized  high  wind  had  caused  some  loss.   This 
picture  was  taken  the  afternoon  before  Hurricane  Hazel  struck.     The  same 
view  is  shown  in  20  B  several  days  after  the  hurricane. 
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Figure  20.  --A,   Broken  trees  in  this  stand  of  mature  loblolly  pine  seed  trees  on  the 
Bigwoods  Experimental  Forest  show  the  extent  of  damage  caused  by  a 
typically  local  summer  windstorm.    _B,   Same  area  after  Hurricane 
Hazel  had  passed  by. 
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GEORGE   WALTON  PILOT-PLANT  AKEA 

The  initial  5-year  cycle  of  management  on  the  2300-acre  longleaf-slash 
pine  pilot  plant  on  the  George  Walton  Experimental  Forest  in  south-central 
Georgia  was  completed  June  30,    1954.     Broad  accomplishments  were: 

1.  The  investment  was  successfully  protected  from  wildfire  where 
burning  had  been  traditional  for  generations  and  where  organized 
protection  other  than  that  afforded  by  the  Station  and  its  cooperator 
was  lacking.     Prior  to  establishment,   one-third  of  the  timberlands 
burned  annually.     Since  then,   only  12.9  acres  have  burned  over  (one- 
half  of  1  percent). 

2.  An  integrated  utilization  program  based  on  silvicultural  principles 
was    substituted  for  destructive  turpentining  and  hit-or-miss  cutting 
to  minimum  diameter  limits. 

3.  Hardwood  control  and  the  pruning  of  planted  pine  were  found  to  be 
of  such  economic  advantage  that  the  cooperator  has  since  taken  the 
lead  in  urging  their  prompt  application  elsewhere  in  the  territory. 

4.  The  program  of  utilization  paid  the  costs  of   protection,   planting, 
improvement,   maintenance,    and  management  while  showing  a 
reasonable  margin  for  profit.     Although  such  income  was  derived 
from  salvage -improvement  measures,   the  forest  inventory  at  the 
beginning  of  the  second  5 -year  period  showed  roughly  twice  as 
much  volume  in  round,   second-growth  sawtimber  as  was  left 
after  the  initial  improvement  cut. 

The  utilization  program  is  based  on  a  5-year  cutting  cycle,   in  which 
approximately  one -fifth  of  the  area  is  cut  annually.     During  the  first  cycle, 
sawtimber  was  marked  for  removal  some  years  in  advance  of  the  cut. 
Designated  trees  were  then  worked  on  a  rapid  schedule  for  naval  stores. 
Although  only  56  percent  of  the  area  bore  pine  timber  in  merchantable 
quantities  at  the  outset,   the  annual  financial  situation  per  gross  acre 
(averaged  for  the  first  5-year  cutting  cycle  on  three  of  the  five  blocks) 
was  as  follows: 

Gross  return  per  acre $5.24 

Costs 

Hardwood  control 28 

Planting 11 

Pruning 11 

Protection 79 

Marking  and  scaling 16 

Buildings  and  grounds      ...     .14 

Taxes 16 

Total  $1.75  1.75 


Indicated  net  return  per  acre  $3.49 
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A  return  to  Block  1  for  the  second  cut  developed  certain  facts.   Following 
the  first  improvement  cut,   which  removed  940  board  feet  of  sawtimber  in  14 
trees,    1634  board  feet  in  34.3  thrifty  sawtimber  stems  were  left  per  acre.     In 
the  following  5  years  a  second  thinning  in  saw- log  sizes  was  not  required. 
Attention  was  accordingly  directed  to  pulpwood  trees,   where  a  cut  of  3  cords 
per  acre  in  intermediate  and  suppressed  sizes  was  found  desirable  (fig.   21). 
Pulpwood  will  be  the  primary  crop  removed  during  the  second  cutting  cycle. 


Figure  21. --This  photo  shows  the  nature  of  the  second  cut  on  the  pilot-plant  area  of 
the  George  Walton  Experimental  Forest.     The  first  cut  5  years  before 
salvaged  the  old  worked-out  trees  and  other  defective  or  poor-risk  trees. 
The  second  cut  is  a  pulpwood  thinning  to  provide  proper  growing  space 
in  stands  of  round  second-growth  timber. 
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NAVAL  STORES 


Initially  the  naval  stores  program  at  the  Lake  City  Research  Center  con- 
centrated on  gum  production  methods,    a  field  in  which  this  Research  Center  will 
continue  to  provide  leadership.     Naval  stores,   however,    are  not  now  the  primary 
objective  in  most  of  the  slash  and  longleaf  pine  stands  of  this  region.     Turpentin- 
ing is  being  integrated  with  other  forest  use.     Hence  much  of  the  current  research 
is  directed  toward  facilitating  such  integration  for  the  benefit  of  forest  owners. 

A  second  major  objective  in  the  naval  stores  program  is  the  development 
of  a  high-yielding  strain  of  slash  pine  especially  for  gum  production.     Such  a 
strain  has  been  selected,   tested,   and  proven  to  yield  more  than  twice  as  much 
gum  as  average  slash  pine  trees.     Details  of  this  work  were  given  in  the  genetics 
section  of  this  report.     The  big  problem  now  is  propagation  of  this  strain  in  a 
quantity  sufficiently  large  to  satisfy  the  demands  of  the  naval  stores  industry. 

INTEGRATION  WITH  TIMBER  PRODUCTION 

Tests  of  Intensive  Chipping 

To  facilitate  the  integration  of   gum  production  with  timber  production, 
especially  in  large  ownerships,    turpentining  on  short  cycles  of  2  to  6  years  is 
preferred  by  most  forest  managers  to  longer  cycles  of  8  to  10  years.     Therefore, 
we  commenced  studies  of  intensive  methods  of  turpentining  for  obtaining  the 
maximum  yield  of  gum  over  short  periods.     Such  intensive  methods,    if  proved 
feasible,    would  also  be  more  profitable  to  gum  producers  than  existing  methods. 
Preliminary  results  indicate  that  by  using  a  65-percent  solution  of  sulfuric  acid 
and  high  streaks,   gum  yields  can  be  increased  by  at  least  20  percent  over  the 
yield  obtained  with  50-percent  acid  and  streaks  3/4  inch  high  during  the  first 
year  of  work.     These  tests  must  be  continued  and  further  refinements  in  equip- 
ment and  techniques  must  be  made  before  intensive  methods  can  be  recommended 
for  commercial  use. 

Standard  Methods  of  Chipping 

The  standard  turpentining  method  is  still  biweekly  bark  chipping  with 
streaks  3/4  inch  high  treated  with  a  50-percent  solution  of  sulfuric  acid.   This 
method  is  now  used  on  more  than  half  the  total  number  of  turpentine  faces  in 
commercial  production.     Use  of  the  old  method  of  wood  chipping  is  now  declining. 

In  one  test,   this  method  has  been  used  continuously  for  8  years  with  an 
annual  yield  of  260  barrels  of  gum  per  crop.     The  old  method  of  weekly  wood 
chipping  on  comparable  trees  during  the  same  period  yielded  only  214  barrels 
per  crop  annually,    and  required  nearly  twice  as  much  labor  for  chipping. 

Gum  Yield  Tables 

Gum  yields  depend  on  tree  diameter,    crown  size,    and  growth  rate.   These    . 
relationships  have  been  worked  out  for  slash  pine  on  sites  with  an  index  of  70 
feet  and  for  longleaf  pine  on  sites  with  an  index  of  65  feet.     Results  are  shown 
in  figures  22  and  23. 
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Figure  24.  --Turpentining  in  this 
20-year-old  plantation  of  slash  pine 
reduced  annual  volume  growth  of  a 
16-foot  section  of  the  tree  by  26 
percent.     Circumference  measure- 
ments were  made  bimonthly  with  the 
aid  of  vernier  growth  bands  installed 
at  three  heights  on  the  bole  of  each 
tree  in  the  study. 


Effect  of  Turpentining  on  Growth 

For  two  successive  years,   the  annual  growth  increment  in  the  first  16-foot 
log  of  20-year-old  slash  pine  trees  (fig.  24)  has  been  reduced  26  percent  by  tur- 
pentining with  either  the  bark  chipping  or  wood  chipping  method.     The  reduction 
in  growth  is  greatest  immediately  above  the  turpentine  face  and  becomes  less 
with  increasing  height  above  the  ground  as  shown  in  figure  25.     The  change  in 
the  amount  of  the  reduction  with  increasing  height  is  slight  and  for  practical 
purposes  can  be  ignored. 

The  value  of  the  potential  pulpwood  increment  lost  by  turpentining  an 
average  tree  10  inches  in  diameter  is  less  than  2  cents  per  year  at  current 
stumpage  prices.     The  lease  value  of  a  turpentine  face  on  such  a  tree  is  about 
10  cents  per  year.     Hence,   turpentining  leaves  a  large  margin  for  profit  even 
after  deducting  the  value  of  the  lost  wood  increment. 

Effect  of  Black  Tu r p e ntine  Beetle  Control  Measures  on  Gum  Yields 

Some  degree  of  control  of  black  turpentine  beetles  has  been  obtained  with 
a  basal  spray  of  1 -percent  solution  of  benzene  hexachloride  in  tests  made  by  the 
Division  of  Forest  Insect  Research.     In  cooperation  with  this  division,   a  test 
was  made  of  the  effect  of  this  treatment  on  gum  yield.     Results  showed  that  the 
treatment  caused  a  temporary  reduction  in  gum  yield  that  persisted  for  about 
one  month.     Total  gum  yields  for  one  year  of  work,   however,   were  only  slightly 
affected. 
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Figure  25. --Effect  of  turpentining  on  growth  at  different  heights  above  ground. 

Equipment  Development 

A  new  tool  for  raising  cups  and  gutters  installed  with  double-headed  nails 
has  been  developed  (fig.  26).     With  this  tool  one  man  can  do  all  of  the  operations 
involved  in  raising  with  a  saving  in  labor  requirements  of  20  percent.     The  new 
tool  has  been  found  satisfactory  in  tests  on  commercial  operations.     Drawings 
and  specifications  for  constructing  the  tool  have  been  given  to  six  manufacturers 
at  their  request. 


Figure  26.  — New,   three-way  tool  designed  for  raising  tins  installed  with  double-headed 
nails.     One  man  pulls  all  nails,   raises  tins,   and  attaches  cup. 
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Experimental  models  of  wide  hacks  and  sprayers  for  65-percent  acid  have 
been  constructed  for  use  in  tests  of  intensive  turpentining  methods. 

Considerable  demand  still  exists  for  a  tool  that  will  cut  streaks  on  high 
faces  (up  to  7  or  8  feet)  but  existing  tools  for  this  job,   known  as  bark-pullers, 
are  not  satisfactory.     A  new  cutting  blade  for  a  bark-puller  has  been  designed 
to  eliminate  the  difficulties  encountered  with  the  existing  pullers. 


FOREST  ECONOMICS 


Georgia  Forest  Survey  Completed 

Georgia  has  13  percent  less  sawtimber  now  than  it  had  18  years  ago, 
according  to  the  results  of  a  resurvey  of  Georgia's  forest  resources  published 
in  1954. 

Pine  sawtimber  volume  decreased  15  percent  (fig,  27).     In  the  north 
central  part  of  the  state,   there  is  now  only  half  as  much  pine  sawtimber  as 
in  1936.     In  the  central  part  the  drop  was  38  percent,    and  in  the  northern  part, 
45  percent.     These  losses  were  partially  offset  by  the  21 -percent  increase  in 
the  southeast  section. 

For  the  state  as  a  whole,  the  volume  in  pine  trees   5.0  to  9.0  inches 
d.b.h.   increased  nearly  enough  to  offset  the  loss  of  pine  sawtimber,   as  the 
loss  of  volume  in  pine  growing  stock  5.0  inches  d.b.h.   and  larger  was  only 
2  percent  (fig.  28). 

Growing  stock  losses  were  especially  severe  in  the  Piedmont  and  moun- 
tain areas,   but  gains  were  recorded  in  the  Coastal  Plain. 
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A  drop  in  sawtimber  volume  is 
not  surprising  in  view  of  the  sharp  rise 
in  demand  for  saw  logs  and  pulpwood  in 
Georgia.   During  the  period  since  the 
1936  forest  survey,   Georgia  more  than 
doubled  its  annual  production  of  timber. 
Pulpwood  production  jumped  from 
200,000  cords  in  1937  to  2.9  million  in 
1953.     Only  the  tremendous  upsurge 
in  the  number  of  young  trees,   includ- 
ing pine,   prevented  more  serious 
losses  in  timber  volume.   The  number 
of  pine  trees  increased  41  percent, 
even  though  reductions  occurred  in  the 
number  of  trees   14  inches  d.b.h.   and 
larger  (fig.  29).     Hardwoods  increased 
even  more. 


A  large  part  of  this  improvement 
Figure  27. --Pine  sawtimber  volume  in  Georgia     -^^      -^^  stocking  resulted  from  the  seed- 
decreased  3.9  billion  board  feet,  or  15  percent      .         .„      .  ,         ,  ,  .  ,        , 
K^*,....,.^                                                                           ing  in  of  pine  on  abandoned  farmland. 
between  surveys.                                                                    °               ^ 
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Figure  28. — Pine  growing  stock  volume  decreased 
2.1  million  cords,  or  2  percent,  between  surveys. 


Since  the  first  survey,    enough  abandon- 
ed farmland  reverted  to  forest  to  add 
more  than  2,5  million  acres  to  the  forest 
area.     Also,    improved  fire  protection 
contributed  to  better  stocking.     In  1936 
an  estimated  5.4  million  acres  burned 
over  in  Georgia;  by  1952  the  burned -over 
area  had  been  reduced  to  about  600,000 
acres.     The  planting  of  pine  on  more  than 
300,000  acres  has  also  helped. 

Other  important  trends  were  re- 
vealed by  the  resurvey.   Thirty-four  per- 
cent of  the  forested  area  is  now  in  hard- 
wood types,    compared  to  22  percent 
during  the  first  survey  (fig.  30).     Type 
conversion  is  aided  by  cutting  practices 
which  leave  hardwoods  as  the  residual 
stand.     Also,   the  growing  space  occupied 
by  cull  trees  is  increasing  at  a  rapid  rate, 
and  in  the  period  between  surveys  the 
volume  in  cull  trees,   principally  hard- 
woods,  more  than  doubled. 
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Figure  29. — Percent  change  in  number  of  pine  trees  between  surveys. 
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Figure  30, — Proportion  of  pine  type  area  dropped  12  percent  between  surveys. 


In  spite  of  the  large  increase  in  number  of  trees  since  the  first  survey, 
a  fourth  of  the  forest  area  is  still  less  than  40  percent  stocked.     Three -fourths 
of  this  area  is  expected  to  restock  naturally,   but  1.4  million  acres  will  require 
planting  to  bring  the  land  back  into  timber  production. 

The  findings  of  the  resurvey  bring  into  sharp  focus  four  critical  forest 
problems  in  Georgia: 

1.  How  to  stop  the  heavy  overcutting  of  pine  timber  in  the  central  and 
northern  parts  of  the  state. 

2.  How  to  keep  less  desirable  hardwood  species  from  replacing  pine. 

3.  How  to  utilize  or  destroy  the  cull  trees  choking  the  stands. 

4.  How  to  get  the  poorly-stocked  forest  land  and  abandoned  farmland  into 
timber  production. 

Sawtimber  in  Eastern  North  Carolina  Classified  by  Log  Grade 

Quality  is  an  important  factor  affecting  the  profitable  utilization  of  the 
timber  resource.     To  obtain  a  measure  of  the  quality  of  the  sawtimber  in  north- 
eastern North  Carolina,    an  intensive  investigation  was  made  at  some  60  different 
locations.     Logs  in  standing  and  felled  trees  were  graded,   using  "interim  Log 
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Grades  for  Southern  Pine"  for  the  pine  species  and  "Hardwood  Log  Grades  for 
Standard  Lumber"  for  the  hardwood  species.     The  results  showed  that  nearly- 
one -fourth  (table  10)  of  the  pine  volume  is  in  Grade  4  logs.     This  is  significant, 
since  the  lumber  value  of  these  low-grade  logs  is  only  about  half  that  of  Grade 
2  logs.     Also,    about  one -third  of  the  hardwood  volume  is  in  the  poorest  grade, 
suitable  chiefly  for  ties  and  timbers. 

Table  10.  --Distribution  of  sawtimber  volume  by  log  grade 
in  northeastern  North  Carolina 


Log  grade 


Hard 
hardwoods 


Percent 

Perc 

ent 

Percent 

1 

3 

16 

8 

2 

32 

22 

27 

3 

41 

28 

25 

4 

24 

34 

40 

1953  Pulp  wood  Production  Continues  Upward  Trend 

Reports  of  1953  pulpwood  production,   obtained  in  1954  from  all  pulp 
companies  drawing  wood  from  5  Southeastern  states,    revealed  a  continuation 
of  the  upward  trend  in  wood  use.     Total  production  was  8,796,000  cords,   or 
87  percent  more  than  in  1946,     This  increase  was  caused  by  the  expansion  of 
practically  all  pulp  mills  in  the  Southeast  since  1946  and  the  construction  of 
several  new  mills. 

Figure  31  reveals  the  trend  in  the  production  of  pulpwood  by  species 
groups.     The  total  amount  of  hardwood,   including  dead  chestnut,   cut  in  1946 
was  717,000  cords;  in  1953  the  cut  had  increased  to  only  806,000  cords.     In  1946, 
however,   dead  chestnut  made  up  38  percent  of  the  total  hardwood  cut;  by  1953  it 
made  up  only  3  percent.     Thus,   in  the  8 -year  period  the  cut  of  live  hardwoods 
nearly  doubled.     During  the  same  time  the  cut  of  pine  more  than  doubled  and  in 
1953,   91  percent  of  the  total  production  was  pine,   compared  to  85  percent  in  1946. 

A  Simple  Method  for  Estimating  Sawing  Cost  by  Log  Size 

Sawmill  operators  have  long  known  that  it  costs  more  to  saw  a  thousand 
board  feet  from  small  logs  than  from  large  ones.     They  also  realize  that  they 
might  be  losing  money  on  some  sizes  of  logs.     However,   there  was  no  method, 
short  of  a  full-scale  milling  time  study,   by  which  an  operator  could  estimate 
his  sawing  costs  by  log  diameter.     As  the  result  of  a  sawing  time  study  at  25 
small  pine  roofer  mills,   a  simpler  method  has  been  developed.     To  use  it,   an 
operator  needs  only  the  tally  by  diameter  and  length  of  logs  sawed  and  a  record 
of  operating  expenses.     By  inserting  these  values  in  a  prepared  work  sheet,  he 
can  calculate  the  cost  per  thousand  for  logs  of  every  size. 
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Figure  31. — Pulpwood  production  in  the  Southeast,    1946-1953. 


This  method  was  made  possible  by  the  discovery  that  the  relationship  of 
sawing  time  to  log  diameter  and  length  was  the  same  for  all  mills,   regardless 
of  actual  production  rate.     This  relationship  is  shown  in  table  11.    In  this  table 
the  time  required  to  saw  a  7 -inch,    12 -foot  log  is  taken  as  100;  the  times  for 
other  sizes  are  expressed  as  ratios  of  the  7-inch,    12 -foot  time.     Thus,   if  a 
mill  takes  60  minutes  to  saw  a  thousand  board  feet  of  lumber  from  14-inch, 
8-foot  logs,    it  should  take  ^^  x  60  =  71  minutes  per  thousand  to  saw  5-inch, 
12 -foot  logs.     A  faster  mill  that  required  only  30  minutes  for  14-inch,    8-foot 
logs  should  take  35  minutes  for  5-inch,    12-foot  logs.     Since  sawing  cost 
varies  directly  as  sawing  time,   the  ratios  apply  to  it  equally  well. 
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Table  11.  --Sawing  time  ratios  per  thousand  board  feet  by- 
log  scaling  diameter  and  length 


Scaling 
diameter 
(Inches) 


8  ft. 


Length 


10  ft, 


12  ft, 


14  ft. 


16  ft. 


5 

167 

131 

111 

98 

97 

6 

138 

125 

112 

102 

100 

7 

119 

109 

100 

91 

86 

8 

109 

97 

89 

81 

77 

9 

105 

91 

81 

75 

70 

10 

100 

88 

77 

70 

64 

11 

98 

84 

73 

66 

61 

12 

97 

80 

70 

62 

58 

13 

95 

78 

69 

61 

55 

14 

94 

77 

66 

58 

53 

15 

92 

77 

66 

58 

52 

16 

92 

75 

64 

56 

50 

Weight  as  a  Measure  of  Chippable  Sawmill  Residues 

Paper  and  board  products  are  now  being  made  from  slabs  and  other  solid 
waste  products  of  lumber  manufacture  in  the  Southeast.     As  the  market  for 
these  materials  expands,   the  question  of  how  best  to  measure  them  for  sale  or 
purchase  becomes  more  and  more  important.     The  choice  is  between  volume 
and  weight. 

Stacked  volume,   the  traditional  measure  of  southern  pulpwood,   is  at 
best  a  crude  measure  of  actual  wood  volume  and  an  even  poorer  indicator  of 
the  cellulose  content  which  largely  determines  pulping  value.     Furthermore, 
the  accurate  scaling  of  cordwood  on  trucks  or  railroad  cars  is  a  time-consuming 
task. 

Stacked  volume  is  an  even  less  efficient  measure  of  slabs  and  edging  strips 
than  of  round  pulpwood.     The  greater  number  of  pieces  per  cord  and  the  greater 
variety  of  sizes  and  shapes  result  in  wider  variation  in  air  space.     There  is 
also  the  fact  that  rough  sawmill  residues  contain  two  to  three  times  as  much 
bark  as  roundwood.     When  it  becomes  necessary  to  relate  yields  of  bark-free 
chips  to  quantities  of  rough  material,   a  further  complication  is  introduced. 
The  chips  from  a  cord  of  wood  may  occupy  from  210  to  291  cubic  feet  of  space. 

Adopting  weight  as  standard  measure  at  all  stages,  from  rough  residues 
to  chips  and  on  to  the  final  pulp,   might  avoid  much  of  this  confusion.     Tests 
indicate  that  tonnage  yields  of  bark-free,   green  or  oven-dry  wood  per  ton  of 
slabs  or  edgings  with  bark  are  relatively  stable  from  one  batch  to  another  and 
from  one  sawmill  to  another  over  extensive  areas.     Needless  to  say,   if  gross 
weight  is  accurately  convertible  to  bark-free,   oven-dry  weight,   it  can  also  be 
converted  accurately  to  terms  of  expected  pulp  yields. 
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A  sample  of  shortleaf  pine  residues  gave  the  following  converting  factors: 

For  slabs -- 

1,570  pounds  green  wood  per  ton  of  green,   unbarked  material, 

or  728  pounds  oven-dry  wood  per  ton  of  green,   unbarked  material. 

For  edgings -- 

1,674  pounds  green  wood  per  ton  of  green,   unbarked  material, 

or  776  pounds  oven-dry  wood  per  ton  of  green,   unbarked  material. 

If  truckloads  of  rough,    green  slabs  or  edgings  were  weighed,    application 
of  these  factors  would  give  the  net  weights  of  bark-free  wood,   green  or  oven- 
dry,   with  an  error  of  less  than  3  percent  (two  standard  errors).     To  convert 
the  net  weights  to  expected  yields  of  usable  chips,   one  need  only  make  a  proper 
deduction  for  slivers,   fines,   and  other  screenings.     Conversions  of  this 
accuracy  are  impossible  with  volume  measurements,    and  a  truck  can  be 
weighed  in  a  fraction  of  the  time  required  to  scale  its  load. 

WATERSHED  MANAGEMENT 


Watershed  Deterioration  as  Observed  at  Coweeta 

At  Coweeta,   the  tests  of  mountain  farming  and  woodland  grazing  on 
steep  lands  are  always  of  interest  to  visitors.     These  "poor  practice"  treat- 
ments were  started  in  1941  after  calibrating  the  watersheds  while  in  forest 
cover,    and  for  13  years  thereafter  the  effects  on  water  and  soils  were  closely 
observed.     The  mountain  farming  practices,    in  particular,   have  greatly  in- 
creased peak  flows,   flood  peak  frequencies  and  sediment  production  as 
reported  in  previous  annual  reports,   but  these  quantitative  increases,   though 
spectacular,   are  not  especially  unique  or  noteworthy  considering  the  severity 
of  watershed  treatment.     Perhaps  the  more  important  contributions  from 
these  experiments  are  the  clues  they  afford  as  to  how  much  time  may  elapse 
before  land  exploitation  adversely  affects  hydrologic  processes  in  the  compar- 
atively deep  forest  soils  of  the  Coweeta  area. 

The  mountain  farm,    a  23-acre  watershed,   was  cleared  of  timber  in 
1940  and  subsequently  cropped  and  pastured,   using  the  typical  practices  of 
many  mountain  people.     During  the  first  few  years  there  was  little  change 
in  streamflow  but  some  increase  in  soil  erosion.     Indeed,    soil  losses,   though 
highly  variable  from  year  to  year,    afford  a  sensitive  index  of  the  cumulative 
damage  to  watershed  functions  in  this  instance  (fig.  32).     Prior  to  clearing 
there  was  no  evidence  of  erosion  on  the  area  itself,    although  about  1.8  tons 
of  sand  and  gravel,   on  an  average,    accumulated  annually  in  the  weir  ponding 
basin.     After  clearing,    soil  losses  increased  substantially  and  progressively 
with  extremely  high  losses  sustained  in  the  third,    ninth,    and  thirteenth  years, 
i.e.,    44,    114,    and  215  tons,  respectively.     In  the  ninth  year,   a  single  3-inch 
storm  in  July  moved  some  76  tons  of  rock  and  sediment  from  the  watershed, 
most  of  this  in  about  half  an  hour. 
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From  an  area  of  about  6  acres --in 
corn  for  5  years  and  grazed  thereafter- - 
little  soil  was  lost  during  the  first  2  years, 
but  there  was  a  gradual  movement  of  it 
downslope  within  the  field  itself.     By  the 
third  and  fourth  years  there  were  notice- 
able changes  in  soil  color  on  the  steeper 
slopes  of  the  cornfield,   and  some  of  the 
soil  deposits  along  the  lower  edge  of  the 
field  were  carried  into  the  stream  during 
more  intense  storms.     By  the  sixth  year, 
soils  in  the  more  exposed  parts  of  the 
field  had  lost  the  gray-black  color  of 
forest  loam  and  turned  light-brown  to 
red-brown  as  more  of  the  subsoil  be- 
came exposed.     Subsequently,    as  over- 
land stormflow  increased  on  scalded 
portions  of  the  field,   more  of  it  collect- 
ed in  rills  and  cut  through  the  accumu- 
lations of  loose  soil     on  lower  slopes, 
carrying  much  of  this  into  the  stream. 

On  the  pastured  portion  of  the 
mountain  farm  there  was  no  conspic- 
uous movement  of  surface  soil  from 
one  portion  of  the  pasture  to  another 
nor  little  development  of  rills  or  shoe- 
string gullies.     However,   as  grazing  use  continued,   these  areas  produced 
progressively  greater  quantities  of  overland  stormflow,   which  moved  off  the 
surface,    carrying  much  soil  which  immediately  muddied  up  the  live  stream. 
Soils  over  the  pasture  area  became  trampled  and  compacted,   and  palatable 
forage  was  all  but  eliminated.     By  the  ninth  year  about  60  percent  of  the  sur- 
face area  was  raw,    red  subsoil. 

Reflecting  the  adverse  effects  of  grazing  on  soil  structure  were  the  changes 
in  water  intake  capacity  of  the  mountain  farm.     Thus  in  1949- -the  ninth  year-- 
the  infiltration  rate  as  measured  for  the  more  trampled  lower  pasture  was  0.56 
inch  per  hour  compared  with  6.00  inches  per  hour  for  the  portion  in  coppice 
forest.     Moreover,   when  the  cornfield  was  opened  to  grazing  in  1950,   the  infil- 
tration rate  dropped  from  3.02  inches  per  hour  to  0.62  inch  after  only  30  animal- 
use  days  of  grazing  per  acre. 

The  more  obvious  changes  on  the  mountain  farm  watershed  were  those  to 
the  stream  channel,    which  began  to  widen,   deepen,    and  cut  its  way  upslope.     By 
the  tenth  year  the  channel  banks,   originally  rounded  and  clothed  with  vegetation, 
were  cut  away,    leaving  raw  vertical  side  walls  which  were  then  undermined  by 
the  increased  runoff  and  higher -velocity  stormflow  from  the  mountain  farm. 
These  sediment  contributions  from  the  channel  itself  account  for  a  considerable 
part  of  the  total  sediment  production  from  the  catchment  basin  during  the  tenth 
to  thirteenth  years. 


Figure  32. — Yearly  soil  loss  from  mountain 
farm  watershed  during  the  first  13  years  after 
the  forest  was  cleared  in  1940. 
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In  1954,   first  treatments  to  rehabilitate  the  mountain  farm  were  under- 
taken to  observe  hydrologic  recovery  trends.     In  April  the  area  was  seeded  to 
oats  and  to  Korean  and  Serecia  lespedeza  preparatory  to  planting  to  white  pine 
in  early  1955.     Already,    soil  losses  have  been  scaled  down  enormously.   Thus, 
after  one  growing  season  under  plant  cover,    a  6-inch  storm  in  December  moved 
only  3  tons  of  sediment  from  the  23-acre  catchment,    as  contrasted  with  1-inch 
storms  of  the  previous  winter  which  consistently  carried  off  20  to  30  tons  each. 

In  another  experiment,    adjacent  to  the  mountain  farm,    a  watershed  of  145 
acres  was  fenced  and  grazed  by  cattle,    an  average  of  6  head  being  kept  on  the 
area  about  4  months  each  year.    May  to  September.     There  were  no  appreciable 
changes  in  streannflow  or  turbidity  during  the  first  7   years.   However,  from  the 
start  there  was  evident  trampling  and  induced  overland  flow  wherever  the  cattle 
concentrated;  but  little  stormflow  or  soil  from  these  areas  reached  the  live 
stream  because  the  little  which  had  accumulated  in  the  small  ravines  and  drain- 
age courses  filtered  out  the  sediment  effectively.  In  the  eighth  grazing  season 
stormflow  was  sufficient  to  sweep  out  litter  deposits  and  for  the  first  time  open 
up  ravines  from  source  areas  down  to  the  permanent  stream.     There  was  an 
immediate. sharp  upturn  in  peak  flows,    and  maximum  turbidities  mounted 
steadily  until  grazing  use  was  finally  discontinued  in  the  thirteenth  season. 

Studies  of  this   type,    as  well  as  related  efforts  to  reconstruct  what  happens 
as  watersheds  deteriorate  or  improve,   point  up  the  need  for  more  intensive  study 
of  hydrologic  processes  and  how  these  operate  over  watershed  areas.   The  Coweeta 
observations  also  document  need  for  techniques  for  diagnosing  the  more  subtle  or 
obscure  changes  in  watershed  conditions  before  these  progress  to  the  point  where 
substantial  damage  to  water  and  soils  occurs.  Where  soils  are  more  shallow  and 
have  had  more  destructive  use  than  those  at  Coweeta,   the  adverse  hydrologic 
effects  of  land  clearing  can  reasonably  be  expected  to  develop  earlier  and  be  of 
greater  magnitude  than  those  observed  in  these  particular  experiments. 

Coweeta  Activities  During  the  Year 

Records  from  31  stream  gages,    26  observation  wells,    17  recording  and 
90  standard  rain  gages,    6  water  temperature  stations,   and  11  turbidity  stations 
were  taken  at  Coweeta  in  1954.     Basic  studies  were  continued  to  develop  im- 
proved techniques  for  standardizing  watersheds,   determine  minimum  duration 
of  watershed  experiments,    and  predict  long-term  precipitation-runoff  values.   In 
this  connection  tests  in  1954,    covering  a  wide  range  of  elevation  and  aspect,   re- 
vealed no  consistent  differences  in  the  catch  of  vertically  placed  vs.  tilted  rain 
gages.     Some  investigators  have  suggested  that  tilted  gages  with  the  orifice 
parallel  to  the  slope  might  provide  a  more  reliable  measure  of  precipitation. 

Cooperation  continued  with  graduate  schools  of  several  universities, 
Coweeta  supplying  hydrologic  data  for  analysis  and  interpretation.   During  the 
year  one  Master's  thesis  was  completed,    and  two  Ph.  D  and  five  Masters'  theses 
were  in  preparation,    all  scheduled  for  completion  in  1955. 

Much  staff  time  in  1954  was  spent  in  furnishing  information  about  water- 
shed management  research  and  research  findings.     Some  73  tours  of  the  Coweeta 
area  were  arranged  for  372  visitors.     Staff  men  gave  five  talks  before  group  meet- 
ings of  about  600  people  and  more  than  100  inquiries  on  technical  phases  of  the 
program  were  handled  in  consultation  or  by  correspondence. 
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Soil  Moisture  in  the  Piedmont 

Studies  on  the  Piedmont  soils  of  South  Carolina  show  that  the  amount  of 
water  in  the  soil  at  any  one  time  depends  largely  on  the  plant  cover.     Water 
that  enters  the  soil  either  soaks  deep  and  becomes  ground  water,   moves  later- 
ally and  becomes  part  of  a  stream,   or  is  used  by  vegetation.     The  quantity  of 
water  withdrawn  from  the  soil  by  vegetation  depends  to  a  great  extent  on  the 
plant  species,    some  of  which  are  shallow-rooted  and  have  only  a  thin  layer  of 
soil  to  draw  upon  for  water,   while  others  are  deep-rooted  and  can  absorb 
water  from  greater  depths. 

Assuming  there  is  normal  rainfall  during  the  winter,   most  soils  will  be 
at  or  near  field  capacity  in  the  spring  when  plants  start  growth.     Figure  33 
tells  the  story  forbroomsedge  grass  and  young  loblolly  pine  growing  on  the 
same  soil  and  receiving  the  same  rainfall.     When  growth  starts  in  the  spring, 
trees  and  grass  begin  to  draw  moisture  from  the  soil  and  this  continues  through- 
out the  growing  season  until  the  winter  recharge,   beginning  in  November, 
restores  the  moisture  deficiency.     It  is  evident  from  the  study  that  the  amount 
of  water  removed  by  the  pine  is  appreciably  more  than  that  used  by  the  broom- 
sedge. 
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Figure  33. --Total  soil  moisture  in  surface  66  inches  of  soil  beneath  a 
young  pine  plantation  and  a  brooms  edge  field. 
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An  interesting  point  is  the  soil  depth  from  wiiich  this  moisture  is  with- 
drawn.    Table  12  shows  that  the  moisture  extracted  by  pine  was  from  the 
entire  sampled  depth,    whereas  the  more  shallow-rooted  broomsedge  took  it 
mostly  from  the  surface  30  inches. 

Table  12.  --Total  water  removed  by  pine  and  broomsedge  covers, 
April  1  to  August  1 


Soil  depth 
(Inches) 


Broomsedge 


Total 


0-15 
15-30 
30-42 
42-54 
54-66 


0-66 


Inches 


1 

.38 

1 

.45 

1 

.13 

1 

.82 

2 

.00 

7.78 


Inches 

1.23 
0.75 
0.34 
0.25 
0.05 


2.62 


When  moisture  is  removed  from  the  soil  by  vegetation,   the  space  occupied 
by  the  water  is  available  to  store  future  rainfall.     Since  the  pine  removes  more 
water  from  the  soil  during  the  growing  season  than  the  broomsedge,   the  soil 
under  pine  affords  more  storage  for  dormant  season  rains.   Assuming  the  infil- 
tration capacities  of  both  sites  are  adequate  to  take  in  the  water,    it  follows  that 
sites  with  pine  are  superior  to  those  with  herbaceous  vegetation  for  holding 
winter  rains  on  the  land. 


FOREST  FIRE  RESEARCH 


Relation  of  Wind  Profiles  to  the  Behavior  of  Large  Fires 

Work  by  the  Division  of  Fire  Research  during  the  past  year  may  have 
brought  solution  of  the  blowup  fire  problem  considerably  nearer.     Station  Paper 
35,    "Atmospheric  Conditions  Related  to  Blowup  Fires,  "  by  George  M.   Byram, 
published  in  April  1954,    states  that  fires  are  most  likely  to  blow  up  when  the 
following  conditions  occur  simultaneously: 

1.  Fuels  are  dry  and  plentiful. 

2.  The  atmosphere  is  either  unstable  or  was  unstable  for  some  hours,    and 
possibly  days,   prior  to  the  fire. 

3.  The  wind  speed  of  the  free  air  is   18  miles  per  hour  or  more  at  an 
elevation  equal  to,   or  not  much  above,   the  elevation  of  the  fire. 

4.  The  wind  decreases  with  height  for  several  thousand  feet  above  the 
fire  with  the  possible  exception  of  the  first  few  hundred  feet. 
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The  first  condition  implies  that  the  inflammability  of  the  fuels  must  be 
high  and  that  they  are  capable  of  producing  a  large  amount  of  heat.  The  last 
three  conditions  concern  the  atmospheric  effect.  The  last  two  of  these  seem 
to  play  dominant  roles  in  major  blowups  and  conflagrations. 

The  decrease  of  wind  speed  with  height  is  associated  with  a  condition  in 
the  atmosphere  which  may  be  defined  as  a  "jet  current"  or  "low-level  jet.  " 
Description  of  these  peculiar  winds  and  their  possible  causes  are  now  beginning 
to  appear  in  the  meteorological  journals.     It  has  been  found  that  they  accompany 
phenomena  other  than  extreme  fire  behavior,   such  as  nocturnal  thunderstorms 
and  an  unusual  roughness  in  waves  at  sea. 


The  low-level  jets  are  of  several  different  types  and  can  be  illustrated 
best  by  examples  taken  near  the  time  and  place  where  severe  fires  have  occurred. 
Curves  A  and  B  in  figure  34  are  the  wind  speed  profiles  for  10:05  a.m.   and  4:02 
p.m.  over  Roanoke,    Virginia,   on  October  24,    1953,   when  the  Fort  Lewis  fire 
burned  with  high  intensity  a  few  miles  southwest  of  the  city.     The  wind  speed  in 
miles  per  hour  is  shown  for  different  elevations  in  feet  above  sea  level.     The 
wind  direction  at  any  given  elevation  is  shown  by  the  arrows.     It  will  be  noted 
that  for  curve  A  the  decrease  in  wind  speed  begins  at  or  near  the  earth's  surface. 
In  curve  B  there  is  a  "jet  point,  "  or  wind  speed  maximum,   at  about  1,300  feet 

above  the  pilot    balloon  station  (about 
500  to  1,000  feet  above  the  fire).     Both 
these  wind -speed  profiles  are  extreme- 
fire -behavior  types.  Other  types  and 
some  of  the  fire  behavior  characteris- 
tics associated  with  them  are  described 
in  Station  Paper  35. 
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Figure  34. — Curve  A  is  the  10:05  a.m.  wind 
speed  profile  over  the  high -intensity  fire 
near  Roanoke,  Virginia,  on  October  24,  1953. 
The  wind  speed  in  miles  per  hour  is  shown 
for  different  heights  above  sea  level.   The 
wind  direction  at  different  heights  is  shown 
by  the  arrows.   Curve  B  is  a  similar  profile 
on  the  same  day  over  Roanoke  at  4:02  p.m. 
Both  curves  were  plotted  from  the  basic 
pilot  balloon  records  at  the  National  Weather 
Records  Center  of  the  Weather  Bureau. 


Following  are  some  of  the  more  im- 
portant characteristics  of  extreme  fire 
behavior: 

1.     A  rapid  growth  of  intensity  after 
some  critical  size  or  rate  of 
energy  output  has  been  reached. 
This  critical  size  has  been  tenta- 
tively placed  at  40  to  60  acres,  but 
the  size  may  vary  considerably  de- 
pending on  the  quantity  of  burnable 
fuel  and  many  other  factors. 

2.     A  high  sustained  rate  of  spread. 
This  sustained  forward  rate  may 
be  as  much  as  1^  to  3  miles  per 
hour  in  flat  or  rolling  country.  In 
the  mountains,   the  upslope  spread 
may  be  even  greater,  but  the  sus- 
tained rate  might  be  less.     There 
may  be  short  bursts  of  spread  dur- 
ing which  the  fire  may  appear  to 
advance  as  much  as  i  mile  almost 
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instantaneously.     The  rate  of  area  burned  may  exceed  1,000  acres  per 
hour  but  seldom  exceeds  3,000  acres  per  hour. 

A  large,    well-developed  smoke  column  is  one  of  the  most  distinctive 
features  of  a  blowup  fire.     This  column  may  be  of  the  towering  type 
which  reaches  upward  thousands  of  feet  when  the  upper  winds  are 
light.     This  column  may  be  almost  vertical  in  its  upper  parts.   Such 
a  column  is  shown  in  figure  35.     On  the  other  hand,   the  column  may 
be  of  the  fractured  type  in  which  strong  high-level  winds  shear  off 
the  top  of  the  column  of  rapidly  rising  gases.     The  fractured  column 
will  show  a  rather  pronounced  smoke  drift  at  high  levels.     For  both 
types  the  strongest  convection  is  down  in  the  zone  where  the  wind 
speed  decreases  with  height.     This  zone  is  usually  more  than  2,000 
feet  deep.     The  photograph  in  figure  36  illustrates  the  way  in  which 
strong  upper  winds  can  shear  off  the  top  of  a  rising  convection  column. 
The  fractured  type  of  column  seems  to  cause  especially  severe  spot- 
ting,   although  long-distance  spotting  occurs  with  either  type. 

More  than  any  other  factor,    long-distance  spotting  is  responsible 
for  the  high  rates  of  spread  that  accompany  extreme  fire  behavior. 
Fire  brands  are  carried  high  in  the  convection  column  by  strong 
updrafts  and  spewed  out  at  the  top  for  distances  of  ^  mile  or  more, 
and  in  rare  instances  for  several  miles. 

The  direction  of  long-distance  spotting  may  be  quite  different  from 
the  direction  of  spread  of  the  surface  fire.     Usually  the  direction  of 
the  upper  winds  tends  to  turn  clockwise  with  increasing  height,    al- 
though the  direction  may  not  change,   or  may  even  turn  in  a  counter- 
clockwise direction.     However,   the  chances  are  more  than  50-50 
that  long  distance  spotting  will  be  on  the  right  flank  of  the  surface 
fire  in  flat  or  slightly  rolling  country. 

Fire  whirlwinds  may  also  contribute  to  rapid  spread  and  at  times 
may  be  even  more  of  a  safety  problem  than  long-distance  spotting. 
These  whirlwinds  range  from  a  few  feet  up  to  500  feet  in  diameter. 
The  larger  ones  appear  to  form  in  the  head  of  a  fire  and  then  may 
move  rapidly  in  advance  of  the  main  fire,    leaving  blackened  strips 
of  tree  crowns. 

Small  whirlwinds  often  form  within  a  heated  and  burned  area.  Because 
they  can  readily  cross  through  the  fire,  they  are  troublesome  and 
make  fire  lines  difficult  to  hold. 

Although  a  good  start  has  been  made  in  determining  the  underlying 
causes  of  blowup  fires,   there  remains  the  unanswered  problem  of 
predicting  the  atmospheric  conditions  which  make  them  possible. 
This  accomplished,  fire  fighters  will  need  to  exert  the  greatest 
possible  effort  to  contain  fires  below  the  critical  size.     Although  it 
is  probable  that  a  few  such  fires  will  still  escape,   they  can  be 
attacked  with  more  safety  because  of  a  better  knowledge  of  what  to 
expect. 
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Figure  35. --A  towering  convection  column 
over  which  a  cloud  cap  has  formed.  Behavior 
details  of  this  particular  fire  are  not  available. 


Figure  36. — The  effects  of  strong  upper  winds  in  fracturing  a  convection  column.  Such 
fractured  columns  can  cause  spotting  at  considerable  distance  ahead  of  the 
main  fire. 
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FOREST  UTILIZATION  SERVICE 

The  Forest  Utilization  Service  engaged  in  a  variety  of  projects  during  the 
past  year  aimed  at  analyzing  the  utilization  problems  of  the  area,    research  into 
new  uses  for  wood,   assisting  in  research  projects  of  the  Forest  Products  Lab- 
oratory,   encouraging  and  assisting  other  agencies  in  forest  utilization  research, 
developing  new  cooperative  programs  in  hardwood  research,    conducting  short 
courses  and  conferences  in  utilization  subjects,    and  giving  talks  to  further  the 
knowledge  of  wood  utilization. 

The  Utilization  of  Wood  Residue 

A  major  activity  during  the  year  involved  a  study  of  the  quantity,    quality, 
and  availability  of  wood  residue  from  wood-using  industries  in  North  Carolina. 
Field  contacts  supplemented  by  mail  canvass  resulted  in  a  report  that  will  be 
published  by  the  State  of  North  Carolina  early  in  1955.     The  study  revealed  that 
wood  manufacturing  industries  of  North  Carolina  produce  about  179  million 
cubic  feet  of  wood  residue  each  year,   more  than  hall'  of  which  results  from  the 
operation  of  small  sawmills.     At  present,    about  34  percent  of  this  wood  residue 
is  left  at  the  sawmill  site  or  burned  for  disposal,    and  another  40  percent  is 
burned  to  produce  power  to  operate  the  plants.     Approximately  10  percent  is 
given  away  and  only  about  16  percent  finds  a  sale.     Approximately  33  million 
cubic  feet  of  softwood  waste  and  74  million  cubic  feet  of  hardwood  waste  are 
available  for  new  industry  at  a  moderate  cost.     The  report  goes  on  to  describe 
the  many  potential  uses  for  this  class  of  material  (figures  37  and  38). 

Knowledge  of  use  of  wood  residue  for  soil  improvement  was  advanced  dur- 
ing the  year  by  Dr.   F.   E.   Allison,    of  the  Agricultural  Research  Service, 
Beltsville,    Maryland,   who  is  studying  the  decomposition  rates,    toxicity,    and 
other  characteristics  of  bark  and  sawdust  from  a  number  of  native  species. 
The  Forest  Utilization  Service  supplied  Dr.   Allison  with  bark  and  sawdust 
from  loblolly  pine,    chestnut,   yellow-poplar,    and  cypress. 

A  summer  meeting  of  the  Forest  Products  Research  Society  in  South 
Carolina  featured  the  use  of  wood  residue  for  chips  for  pulp  and  paper  or  for 
fiberboard  plants.     Considerable  interest  was  aroused,    and  a  number  of  plants 
in  the  area  are  now  making  plans  to  convert  wood  residue  into  usable  chips  for 
industry. 

Hickory  Task  Force 

The  Hickory  Task  Force  was  organized  and  is  sponsored  by  the  Forest 
Utilization  Service  with  an  aim  to  gathering  presently  known  information  about 
this  species  for  a  series  of  publications  designed  to  encourage  the  utilization 
of  hickory.     Subject  matter  committees  were  organized  and  have  been  active 
during  the  year  not  only  in  assembling  existing  data  but  in  conducting  additional 
research  on  this  species.     An  Executive  Committee  meeting  of  the  group  review- 
ed the  progress  of  the  committees  and  made  plans  for  the  publication  of  approx- 
imately six  of  the  reports  during  1955.     Manuscripts  on  the  chemistry  of  hickory 
and  the  veneering  of  hickory  have  been  completed  and  are  ready  for  review  and 
publication. 
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Figure  37. — Mountains  of  shav- 
ings usually  accompany  planing 
mill  operations. 


Figure  38. — Much  of  the  short 
lumber  and  waste  material  at 
this  sawmill  could  go  into 
dimension  stock  rather  than  be 
cut  up  as  fuel. 
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Wood  Seasoning 

If  wood  were  properly  seasoned  before  being  put  into  use,    a  high  percent- 
age of  the  problems  encountered  would  never  appear.     The  use  of  improperly 
dried  wood  in  houses,   buildings,    furniture,    and  so  on  results  in  tremendous 
losses  from  decay,   termites,    stains,   finishing  failures,    and  cracks.   Because 
of  the  importance  of  this  problem,    considerable  time  was  spent  by  Forest 
Utilization  Service  personnel  in  attempting  to  get  present  knowledge  put  into 
practice.     Two  kiln-drying  courses  were  conducted  in  cooperation  with  North 
Carolina  State  College  School  of  Forestry,    and  two  meetings  of  the  Southeastern 
Dry  Kiln  Club  were  planned  and  arranged  by  the  Forest  Utilization  Service.     A 
special  trip  was  made  over  the  South  to  study  the  kiln  drying  practices  employed 
by  producers  of  southern  pine.     Studies  were  made  of  oak  stain  resulting  from 
improper  drying  practices,    and  recommendations  for  corrective  ineasures 
were  made  to  plant  owners.     Numerous  inquiries  on  the  subject  were  handled 
by  correspondence  and  by  plant  visits. 

A  brief  study  was  made  of  veneer  drying  practices  throughout  the  terri- 
tory in  an  effort  to  further  understand  the  problems  of  this  industry  and  to  make 
recommendations  for  the  betterment  of  veneer  drying,   particularly  the  reduc- 
tion of  end  waviness  in  veneer. 

Grading  of  Logs  and  Other  Products 

The  Forest  Utilization  Service  has  been  very  active  in  the  development 
and  use  of  grading  systeins  of  logs  and  other  forest  products.     During  the 
past  several  years,   work  has  been  concentrated  on  the  development  of  southern 
pine  log  and  tree  grades.     A  simplified  system  for  applying  log  grades  was 
developed  and  described  in  a  pocket-size  publication.     A  grading  stick  was  also 
developed  to  simplify  the  process  of  pine  log  grading.     Other  agencies  were 
encouraged  to  conduct  additional  grade-yield  studies  to  supplement  present 
information  on  pine  log  and  tree  grades. 

A  second  conference  was  held  on  hardwood  veneer  log  grades,    at  which 
time  past  work  was  reviewed  and  plans  made  for  conducting  additional  studies 
during  the  coming  years.     During  1954,   the  Station  issued  a  report  on  defects 
in  hardwood  veneer  logs. 

Strength  of  Wood 

During  the  year,    longleaf  and  slash  pine  poles  were  selected  and  shipped  to 
Madison,   Wisconsin,   for  the  nation-wide  ASTM  pole  testing  program  currently 
carried  on  with  native  pole  species.     The  slash  and  longleaf  pine  poles  were  ob- 
tained from  both  private  land  and  National  Forest  land  and  were  peeled  and  in- 
spected at  the  Taylor -Colquitt  Wood  Preserving  Company,    Spartanburg,    S.C., 
before  being  shipped  to  Wisconsin.     Following  completion  of  tests  on  untreated 
poles,    additional  poles  of  the  same  size  and  quality  will  be  obtained  and  treated 
before  being  shipped  to  Wisconsin  for  tests. 

Hurricane  Hazel  left  a  path  of  destruction  along  the  coast  of  North  and 
South  Carolina  in  October.     Lindgren  of  the  Forest  Products  Laboratory  and 
Smith  followed  in  the  wake  of  the  hurricane  a  few  days  later  and  secured  a 
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pass  to  inspect  the  damage  at  Windy  Hill  Beach,    South  Carolina.     They  found 
that  wood  and  masonry  alike  succuinbed  to  the  combined  forces  of  high  water 
and  heavy  surf  caused  by  the  hurricane.     Masonry  structures  were  usually 
almost  completely  demolished  (fig.  3  9).     Wooden  structures  were  severely 
damaged,   especially  those  supported  on  a  footing  foundation.     A  few  structures 
tied  solidly  to  a  full  concrete  slab  suffered  less   damage  (fig.  40).     An  outstand- 
ing example  of  no  damage  surrounded  by  demolished  houses  was  a  cottage  built 
on  wooden  posts  securely  fastened  to  deep  concrete  footings  (fig.  41).     From 
observations  at  Windy  Hill  Beach  it  was  obvious  that  at  the  lower  elevations 
waves  washed  out  almost  any  kind  of  foundation  and  that  no  type  of  construction 
could  withstand  their  onslaught.     By  building  on  sites  several  feet  higher  and 
using  solid  slab  foundations  or  stilt -type  foundations,    the  danger  of  destruction 
is  greatly  minimized.     Although  the  damage  by  wind  was  severe  at  Windy  Hill 
Beach  as  well  as  at  many  inland  points,   the  greatest  loss  occurred  from  water 
damage. 

Hardwood  Utilization  Research 

In  1955  Congress  provided  funds  for  hardwood  management  and  utilization 
research  in  the  Southeast.     This  work  is  being  centered  at  the  Athens -Macon 
Research  Center  with  headquarters  at  Athens,    Georgia,    in  cooperation  with  the 
School  of  Forestry,    University  of  Georgia. 

Because  this  project  was  started  late  in  1954,  permanent  personnel  were 
not  secured  until  late  in  the  year  and  their  activities  were  limited  to  preparing 
working  plans  and  getting  research  projects  under  way. 

Cooperation  was  arranged  with  the  University  of  Georgia  for  the  con- 
struction of  a  modern  cross -circulation  Moore  Dry  Kiln.     Plans  were  also 
completed  for  conducting  several  cooperative  aid  studies  with  the  University 
of  Georgia  during  1955. 

A  cooperative  aid  project  was  developed  with  the  School  of  Forestry,  North 
Carolina  State  College,   for  the  conduct  of  five  research  projects  by  graduate 
students.     These  projects  are:  (1)  the  development  of  methods  for  devising  hard- 
wood veneer  log  grades,    (2)  a  study  of  the  short  log  bolter  mill  as  compared 
with  the  conventional  small  sawmill  in  producing  furniture  dimension  stock  from 
hardwoods,    (3)  development  of  better  methods  for  making  patched  strip  core 
from  low-grade  hardwood  lumber,    (4)  the  development  of  quality  control  tech- 
niques for  controlling  the  grade -yield  of  hardwood  lumber  at  small  sawmills, 
and  (5)  a  study  of  the  use  of  low-grade  hardwoods  for  the  manufacture  of  pallets. 
Most  of  these  projects  were  well  under  way  at  the  close  of  the   year. 


-  54 


Figure  39, --A  completely  de- 
molished masonry-constructed 
home  following  Hurricane  Hazel 
at  Windy  Hill  Beach,    S.   C. 


Figure  40. — The  house  on  the 
left  was  bolted  to  a  solid  con- 
crete slab  foundation  ajid 
suffered  much  less  damage 
than  other  houses  on  footing 
foundations  such  as  the  one  on 
the  right. 


Figure  41. — This  cottage  built 
on  stilts  and  tied  to  deep  founda- 
tions suffered  practically  no 
damage  from  Hurricane  Hazel 
although  surrounding  houses 
were  almost  demolished. 
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RANGE  MANAGEMENT 

During  1954,   the  Southeastern  Station's  fourteenth  year  in  Range  Research, 
several  significant  events  reshaped  the  program.     First,   USDA  reorganization 
terminated  Forest  Service  research  in  artificial  revegetation  and  most  aspects 
of  plant  control  research.     Next  most  important,   perhaps,   was  the  shift  in 
leadership  at  the  Director's  staff  level.   Shepherd  being  transferred  to  Washing- 
ton and  replaced  by  Wooliolk.     The  year  also  saw  the  transfer  of  Ralph  Hughes 
from  Plymouth,   N.C.   to  Tifton,   Ga.     Finally,    Range  Management  research 
was  commenced  in  south  Florida,    with  the  development  of  basic  information 
for  a  range  project  analysis  and  initiation  of  one  line  project. 

Coincident  with  these  events  came  the  realization  that  certain  changes 
in  the  range -livestock  industry  have  occurred  in  the  Southeast  during  recent 
years.     One  of  these  is  the  lessening  of  emphasis  on  beef  production  in  the 
Carolinas  and  increased  importance  of  the  industry  in  the  Georgia  Coastal 
Plain  and  throughout  Florida.     Since  1945,   beef  cattle  numbers  have  declined 
by  1  to  5  percent  in  the  Carolinas  and  Georgia  and  increased  by  37  percent  in 
Florida.     As  of  early  1954,    50  percent  of  the  beef  cattle  in  the  4-state  area 
were  in  Florida,   and  67  percent  were  in  Florida  and  the  Coastal  Plain  section 
of  Georgia  combined.     Another  indication  of  this  southward  shift  of  beef  cattle 
is  that  nearly  42  percent  of  the  grazed  area  in  the  Southeastern  Station's  terri- 
tory is  in  Florida  and  65  percent  of  it  is  in  Georgia  and  Florida  combined. 
Most  of  Georgia's  grazed  area  is  in  the  Coastal  Plain.   Still  another  indication 
is  the  relative  increase  in  pasture  acreage  between  1935  and  1950.  In  Virginia 
and  North  Carolina  pasture  acreage  just  about  doubled  during  the  period.     In 
South  Carolina  the  increase  was  only  20  percent,   while  Georgia's  pasture 
acreage  expanded  by  about  43  percent.     In  Florida,   pasture  acreage  increased 
from  half  a  million  to  nearly  3|  million  acres,   or  more  than  five  times. 

The  present  large  acreage  of  improved  pasture  by  no  means  spells  the 
end  of  native  range  grazing.     In  the  Station's  territory  there  are  over  15 
million  acres  of  native  forest  range  in  use  and  almost  29  million  additional 
acres  that  probably  could  be  grazed.     Throughout  south  Georgia  and  Florida, 
a  pattern  seems  to  be   evolving  which  will  give  continued  importance  to  native 
range.     Cow  and  calf  operations  prevail  in  that  section  of  the  South  and  for 
various  reasons  are  dependent  upon  native  range.     Once  raised  to  weaning 
age,    steer  calves  are  grown  out  and  fattened  for  slaughter  on  the  more  costly 
improved  pastures.     As  the  development  of  citrus  feeds  advances,   this  pattern 
should  strengthen. 

The  Range  Management  research  program  is  geared  to  this  over-all 
prevailing  situation,    i.e.,   gradual  withdrawal  of  effort  in  eastern  North 
Carolina,    continuation  with  some  strengthening  in  south  Georgia,    and  develop- 
ment of  new  work  in  south  Florida. 

SOUTH  FLORIDA  RANGES 

Many  ranges  and  livestock  problems  confront  the  industry  on  more  than 
ten  million  acres  of  wiregrass  and  native  prairie  range  in  south  Florida. 
Periodic,   often  indiscriminate,   burning  is  the  only  device,    aside  from  fences, 
generally  used  to  control  or  regulate  grazing  (fig.   42).     Ranges  severely  or 
too  frequently  burned  often  suffer  destruction  of  seedling  tree  stands  and 
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Figure  42. — Periodic,  often  promiscuous  burning  to  remove  "rough"  and  undesirable 
plants  frequently  destroys  seedling  tree  stcinds  and  damages  older  trees. 
At  best,   grazing  conditions  are  only  temporarily  improved  by  the  practice. 


immeasurable  losses  in  grazing  values  through  concentration  of  cattle  and  con- 
sequent overgrazing.     On  the  other  hand,   unburned  ranges  accumulate  a  heavy 
"rough"  of  dry  herbage,   palmetto,   and  other  undesirable  plants  and,    according 
to  prevailing  opinion,   thereby  lose  considerable  grazing  value  (fig.   43).     Range 
stocking  rates  vary  from  4  to  over  50  acres  per  cow  per  year.     Breeding  seasons 
are  indefinite  and  unregulated-- many  operators  run  bulls  and  breeding  cows  to- 
gether yearlong.     Range  cattle  generally  are  of  indiscriminate  breeding  and  of 
poor  beef  conformation.     In  an  effort  to  insure  adaptability  of  cattle  to  warm, 
moist  conditions  and  a  variety  of  insect  pests,    a  great  influx  of  Brahman  blood 
has  been  permitted.     Only  a  very  low  percentage  of  these  cattle  can  be  econom- 
ically fed  to  slaughter  grades  higher  than  commercial.     To  rapidly  increase 
breeding  herds,    many  operators  retain  all  heifer  calves  regardless  of  size,    con- 
formation,   color,    etc.,    and  reject  the  well  proven  practice  of  herd  improvement 
through  rigid  culling  of  breeding  cows  for  failure  to  attain  standard  performance. 
These  conditions  and  the  problems  they  create  indicate  the  need  for  research 
and  the  tremendous  possibilities  of  contributing  to  greater  beef  production  and 
the  over-all  welfare  of  the  range -livestock  industry  in  the  Southeast  through 
research. 

The  first  step,   of  course,   is  to  establish  a  basis  for  research  by  assess- 
ing prevailing  conditions  and  establishing  priorities  for  existing  problems.   This 
was  done  during  1954  and  the  resulting  project  analysis  will  be  available  shortly. 
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Figure  43. — Low  quality  cattle  and  undesirable  plants,   such  as  palmetto,    contribute 

to  the  prevEiiling  low  productivity  of  native  forest  ranges  in  south  Florida, 


Also  completed  during  1954  was  the  initial  attempt  to  determine  the 
identity  and  apparent  value  of  the  common  range  plants  in  south  Florida.  In 
all,    354  different  plant  species   known  to  have  some  grazing  value  were 
collected,   preserved,   and  identified.     This  effort  included  also  the  recording 
of  information  on  growth  habits,   occurrence  and  other  ecologic  features.   An 
active  field  approach  to  the  solution  of  existing  problems  will  be  easier  by- 
virtue  of  this  effort. 

SOUTH  GEORGIA  FOREST  RANGES 

Over  sixty  percent  of  Georgia's  800,000  head  of  beef  cattle  are  concen- 
trated in  the  Coastal  Plain,    a  section  still  largely  classified  as  forest  land. 
A  high  percentage  of  these  cattle  subsist  for  some  period  each  year  on  the 
native  herbaceous  vegetation  produced  on  these  forest  lands.     Thus,   the 
Coastal  Plain  forests  are  producing  both  wood  and  beef.     During  the  past  year 
new  knowledge  concerning  the  use  and  management  of  these  forest  ranges  was 
developed  through  research. 

Drought  Proves  Value  of  Native  Range 

The  past  growing  season,   April  through  September,    1954,   was  the  driest 
on  record  throughout  the  Southeast.     As  a  result,    crop  failures  were  common 
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and  grazing  capacity  of  improved  pastures  was  greatly  reduced.     At  Alapaha, 
Georgia,   only  16.9  inches  of  rain  fell  during  the  growing  season,    compared  to 
the  long-time  average  of  27  inches.     Total  rainfall  for  the  year  through 
September  was  only  21  inches  at  Alapaha,    more  than  25  inches  below  the  long- 
time average. 

Experimental  native  ranges  at  Alapaha  held  their  grazing  capacity  very 
well  and  carried  usual  numbers  of  cattle  season-long  in  spite  of  the  drought 
and  without  requiring  supplements.     Cattle  weights  too  were  well  maintained 
compared  to  more  favorable  years  (table  13). 

Table  13.  --Average  weight  of  steers  and  dry  and  wet  cows  on  native  forest  range 

(In  pounds) 

YEARLING  AND  2-YEAR-OLD  STEERS 


Year 


Mar.  18 


Apr.  15 


June  10 


July  8 


Sept.  30 


1950-53 

484 

508 

579 

597 

622 

1954 

473 

520 

541 

543 

537 

DRY  COWS 


7-52 

628 

654 

-- 

737 

-- 

1953 

585 

620 

695 

714 

773 

1954 

809 

842 

871 

860 

865 

WET  COWS 


1947-52 

625 

629 

-- 

619 

-- 

1953 

774 

748 

741 

725 

719 

1954 

850 

864 

843 

807 

751 

Wider  use  of  forest  range  in  1954  would  have  prevented  substantial  sacri- 
fice and  loss  in  many  cases.  Fuller  recognition  of  native  range  values  can  help 
prevent  recurrence  of  1954  drought  losses. 

Cattle -Fire  Lanes  Pay  Their  Way 

How  to  provide  nutritious  winter  forage  and  how  to  keep  wildfire  out  of 
the  pine  woods  are  two  ever  present  problems  in  the  Georgia  Coastal  Plain, 
Research  results  from  Cordele,   Georgia,   published  during  the   past  year  show 
clearly  that  66 -foot -wide  lanes  of  improved  forage  plants  around  blocks  of 
valuable  timber  retard  the  spread  of  ground  fire  into  the  timber  and  provide 
desired  winter  grazing  for  cattle  (fig.  44).     Dallis  grass  and  carpetgrass  stands, 
well  fertilized  and  over-sown  with  winter  oats,   were  most  effective  in  retard- 
ing fire  spread  and  provided  grazing  over  a  longer  period.     Crediting  three - 
fourths  of  weaned  calf  weights  to  the  fire  lane,   the  same  as  the  percentage 


-  59  - 


Figure  44. --Close  grazing  and  green  winter  oats  on  this  fire  lane  stopped  the  spread  of 
fire  into  valuable  timber. 

contribution  of  the  lane  to  the  total  feed  requirement  of  cattle  grazed  in  the 
study,   will  more  than  amortize  the  establishment  and  maintenance  costs  over 
a  10-year  period.     Any  values  of  the  reduced  fire  risk  and  resulting  improved 
conditions  for  successful  forest  regeneration  through  seedling  survival  are 
added  advantages  of  the  lanes.  Improved  summer  grazing  is  another  value,  too. 

New  Study  of  Timber  and  Cattle  Integration  Started 

Numerous  authorities  have  proclaimed  the  primary  problem  on  South- 
eastern forest  lands  to  be  that  of  integrating  timber  and  livestock  production 
on  the  same  acres.     Undoubtedly,    many  acres  can  and  should  be  devoted  to 
such  dual  use,   but  large  areas  will  also  be  devoted  solely  to  one  or  the  other, 
depending  on  the  desires  of  the  owner.     Integration  of  land  use  is  inherently 
difficult,    and  approached  from  the  research  viewpoint  becomes  even  more  so. 

During  1954  an  integrating  study  was  commenced  at  the  Alapaha  Experi- 
mental Range.     Fifty  acres  of  typical  Coastal  Plain  sandy  loam  soil  were 
cleared  and  carefully  prepared  for  seeding  of  Dallis  grass.    Coastal  Bermuda, 
common  carpetgrass  and  Pensacola  Bahia  in  a  randomized  block  design.   Follow- 
ing the  planting  of  grasses,    slash  pine  seedlings  will  be  planted  on  a  third  of 
the  plots  at  12  x  12-foot  spacing  and  on  another  third  at  20  x  20-foot  spacing. 
After  establishment,    all  grasses  will  be  over-sown  with  white  clover.     The 
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best  known  vegetation  management  techniques  will  be  utilized  to  integrate  live- 
stock grazing  and  pine  production  on  these  areas.     This  study  has  unusual 
possibilities  from  the  seed  tree  orchard,    naval  stores,    and  pulpwood  production 
viewpoints,    and  is  the  first  of  its  kind  to  be  undertaken  in  the  Southeast. 


TIDEWATER  CANE  RANGES 

Long  considered  to  be  the  most  productive  range  type  in  the  Southeast, 
and  perhaps  in  the  entire  United  States,   the  cane  ranges  of  eastern  North 
Carolina  are  undergoing  a  change  in  handling  which  seems  certain  to  reduce 
their  contribution  to  livestock  production.     Blocking  out  of  ownership  into 
large  tracts  is  withdrawing  tremendous  acreages  from  grazing  use.     These 
owners,   usually  large  timber  and  pulp  companies,   have  no  intention  or  desire 
to  enter  the  range  cattle  production  field,    and  because  of  the  fire  hazard, 
which  is  extreme  in  the  cane  type,   are  reluctant  to  lease  grazing  privileges 
to  small  livestock  owners.     Dare  County,    North  Carolina,    is  a  case  in  point. 
One  pulp  company  owns  the  entire  count3^   over  200,000  acres.     It  is  classed 
as  cane  .range  but  there  are  only  57  head  of  cattle  in  the  county  according  to 
the  1950  census.     Also,    greater  emphasis  on  row  crop  agriculture  is  evident 
in  the  entire  cane  area.     Of  nineteen  counties  in  North  Carolina  which  have 
sizeable  acreages  of  cane  range,   only  6  have  shown  an  increase  in  cattle 
numbers  since  1945.     Thirteen  have  shown  decreases  in  cattle.     In  many  cases, 
too,   the  supplemental  feeds  are  not  available,    which  research  has  shown  are 
required  to  make  yearlong  use  of  cane  range  possible.     Regardless  of  these 
apparent  trends,    research  was  continued  during  the  year  and  produced  new 
information  on  how  best  to  use  cane  range. 

Continuous  Summer  Grazing  Detrimental  to  Cane  Range 

Grazing  the  same  range  every  summer  for  5  years  to  remove  approxi- 
mately 60  percent  of  each  year's  cane  foliage  caused  a  decline  in  cane  leaf  size 
and  in  height  of  cane  stems.     Leaf  size  was  reduced  more  than  an  inch,   and 
average  stem  height  by  1.2  feet.     Some  replacement  of  cane  by  other  grasses 
and  grass -like  plants  was  attested  by  a  nearly  3 -fold  increase  in  density  of 
these  species  and  an  accompanying  decrease  in  cane  density.     Palatable  shrubs 
suffered  somewhat,   too,   under  continuous  suinmer  use. 

On  ranges  grazed  yearlong  but  only  in  alternate  years,   at  the  same 
approximate  level,    cane  leaf  size  was  maintained,    and  stem  height  suffered 
only  a  slight  reduction.     Continuous  winter  grazing  allowed  a  slight  increase 
in  leaf  size  and  maintenance  of  stem  height  over  the  period.     Without  any 
grazing  whatever,   both  leaf  size  and  stem  height  increased  noticeably. 

Cattle  Management  Systems  Compared 

Early  research  established  the  grazing  value  of  cane  range  and  revealed 
its  limitations  for  yearlong  use  without  liberal  supplemental  feeds.     Recent 
work  has  developed  information  on  cattle  performance  at  three  levels  of  main- 
tenance.    All  three  systems  provided  spring  and  summer  grazing  on  cane  range 
without  supplemental  feed  of  any  kind.     System  A  provided  fall  range  grazing 
without  supplements,   followed  by  wintering  on  improved  pasture  or  stored  feeds, 
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Under  system  B  the  cattle  received  a  protein  supplement  on  cane  range  through- 
out fall  and  winter.     The  remaining  system,    C,   provided  unsupplemented  range 
in  the  fall,   and  range  plus  a  protein  supplement  for  winter. 

Based  on  late  August  weights  of  experimental  cows,   the  three  systems  were 
equal.     Original  breed  differences  carried  through  with  cross-bred  Africander 
cows  considerably  heavier  than  cross-bred  Brahmans  and  Herefords.    Calf  crops 
for  1954  varied  from  62  percent  under  A  to  56  percent  under  B  and  C.   Estimated 
wintering  costs  per  cow,   based  only  on  summer  1954  costs  of  feed,    ranged  from 
$19  to  $36.     From  the  standpoints  of  feed  costs  and  calf  crop,    all  three  systems 
proved  unsatisfactory  as  bases  for  economical  cattle  production. 

Whether  cane  range  can  be  used  yearlong,    even  with  considerable  winter 
feeding,   for  economical  production  of  beef  cattle  is  still  an  open  question.   Locally, 
entirely  as  a  result  of  experience,   winter  grazing  is  said  to  be  the  highest  use  of 
cane  range.     Research  to  date  has  not  borne  out  this  contention.     As  was  demon- 
strated,   winter  grazing  with  heavy  supplementation  is  costly  and  unsatisfactory, 
considering  low  calf  crops  and  other  factors. 


FOREST  DISEASE  RESEARCH 


Oak  Wilt 


Aerial  and  ground  detection  surveys  for  oak  wilt  were  conducted  from 
June  through  August  1954  in  parts  of  five  southern  states  by  crews  operating 
out  of  the  Southeastern  Station  (fig.  45)  .    The  states  of  North  Carolina  and 
Virginia  made  similar  surveys  in  parts  of  those  states.     In  Kentucky,   State 
Forest  Service  personnel  did  a  considerable  amount  of  ground  survey  work  to 
supplement  the  work  of  the  crews  from  the  Southeastern  Station. 

In  these  five  states,   a  total  of  107  infection  spots  averaging  1.5  infected 
trees  each  was  found,    about  half  of  which  were  initially  infected  in  1954.     The 
others  were  estimated  to  have  become  infected  between  1949  and  1953.     All 
trees  except  one,   a  post  oak,   were  in  the  red  oak  group.     Heaviest  concentra- 
tion of  the  disease  was  in  northeastern  Tennessee.     Table  14  and  figure  45  give 
the  results  of  the  surveys  in  the  southern  Appalachians  except  for  incomplete 
data  for  Virginia. 

Table  14.  --Known  distribution  of  oak  wilt  in  the  southern 
Appalachian  area  in  1953  and  1954     i/ 


State 


Counties  with  known 
oak  wilt  trees 


1953 


1954 


Infection  centers 
found 


1953 


1954 


Number 

Number 

Number 

Number 

Kentucky 

4 

7 

4 

11 

North  Carolina 

3 

2 

7 

24 

Tennessee 

8 

10 

30 

71 

Virginia 

5 

— 

11 

— 

XI    Oak  wilt  north  of  Virginia  and  Kentucky  not  reported  here. 
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Siirveyed  by  Mississippi  Valley  axid 
Southern  Appalachian  federal  crews 

County  in  which  oak  wilt  was  found 
in  195^ •   In  most  of  these  the 
disease  was  found  in  prior  years 
also. 


Figure  45. — Oak  wilt  survey,    1954. 

Past  results  on  the  use  of  insecticide  sprays  to  decrease  the  chances  of 
insect  transmission  of  oak  wilt  from  diseased  trees  have  resulted  in  adoption 
of  the  felling  and  spraying  control  method  by  several  agencies.     New  studies 
involving  77  trees  have  shown  some  summer-cut  diseased  trees  to  produce 
sporulating  mats  under  the  bark,   but  they  all  formed  by  late  fall,   whereas 
infection  appears  to  take  place  chiefly  in  the  spring.     Summer  felling  thus  be- 
comes an  additional  control  technique. 

A  study  is  in  progress  on  the  longevity  of  the  oak  wilt  fungus  in  1-inch 
lumber  sawed  from  diseased  trees  and  subsequently  either  (1)  bulk-piled, 
(2)  sticker-piled,    (3)  sprayed  with  pentachlorophenate  and  sticker-piled,    (4) 
steamed  for  one-half  hour,   or  (5)  kiln-dried.     The  fungus  could  not  be  re- 
isolated  after  steaming  or  kiln-drying.     It  has,   however,   been  isolated  from 
bulk-piled  lumber  13  weeks,    and  sprayed  lumber  10  weeks  after  felling,   and 
from  many  boards  with  moisture  contents  in  the  20's  (ODW  basis).     This  study 
is  still  active. 

Littleleaf  Disease  of  Pine 

Littleleaf  has  been  under  intensive  study  for  15  years,   during  the  course 
of  which  over  40  publications  and  100  reports  have  been  issued.     The  range  of 
the  disease,   its  cause  and  effects,   and  measures  for  reducing  losses  have  been 
worked  out  and  are  summarized  in  a  new  circular  published  this  year. 
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The  research  program  of  1954  was  aimed  primarily  at  selecting  and  breed- 
ing   for  littleleaf  resistance.     Controlled  pollinations  in  1953  between  apparently- 
resistant  trees  yielded  over  1,900  seeds  this  year.     Scions  have  been  taken  from 
the  parent  trees  and  from  other  selections  and  these  have  been  grafted  and  estab- 
lished at  Athens,   Georgia,   to  provide  an  "orchard"  of  breeding  material. 

Open-pollinated  progeny  from  six  apparently  resistant  mother  trees  were 
tested  for  resistance  to  Phytophthora  cinnamomi  and  found  to  vary  greatly. 
Large  tanks  for  testing  resistance  of  the  control-bred  progeny  to  this  fungus 
have  been  constructed. 

Test  plantations  of  12  geographic  strains  of  shortleaf  on  severe  littleleaf 
sites  in  three  states  were  established  a  year  ago  and  are  now  growing  well. 

Other  developments  from  the  1954  littleleaf  research  program  include 
the  following: 

1.  Young  loblolly  pines  showed  greater  tolerance  than  shortleaf  to  poor 
soil  aeration  and  to  attack  by  P.   cinnamomi,    explaining  loblolly's 
greater  resistance  to  littleleaf. 

2.  High-nitrogen  fertilizers  continue  to  prevent  littleleaf  in  shortleaf 
pine. 

3.  On  several  untreated  shortleaf  pine  plots  established  in  1944,   more 
than  90  percent  of  the  trees  are  now  dead  or  dying.     Twenty-four  out 
of  the  total  of  31  plots  continue  to  decline,    and  on  the  other  seven 
littleleaf  has  leveled  off. 

4.  Important  progress  was  made  in  establishing  studies  on  littleleaf 
control  through  soil  improvement,    and  on  management  methods  for 
littleleaf  stands. 

White  Pine  Blister  Rust 

Serious  damage  from  blister  rust  was  discovered  during  1954  in  a 
5-year-old  white  pine  plantation  in  Monroe  County,    Tennessee.     The  trees 
had  been  set  out  in  the  immediate  vicinity  of  native  Ribes.       This  infection 
once  again  points  up  the  advisability  of  exercising  care  in  the  selection  of 
planting  sites  to  avoid  those  areas  where  Ribes  are  so  abundant  that  eradi- 
cation costs  would  be  excessive. 

In  the  southern  Appalachians,   native  Ribes  may  occur  in  localized  con- 
centrations at  any  elevation  in  cool,    moist,    rocky  coves  or  so-called  rock  "bars" 
and  "draws"  having  rich,   black,  loamy  soil  and  generally  northern  exposures. 
Such  sites  occur  most  frequently  above  3,000  to  3,500  feet  but  occasionally  also 
at  much  lower  elevations.     Above  5,000  to  5,500  feet  Ribes  may  occur  on  any 
rocky  site  regardless  of  aspect,  providing  that  plenty  of  moisture  and  a  suitable 
soil  are  present.     Cultivated  Ribes  are  frequently  found  on  either  abandoned  or 
occupied  homesites,    and  these  possibilities  should  also  be  considered  where  old 
fields  are  to  be  planted  to  white  pine. 
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To  date,   blister  rust  infections  have  been  found  on  both  white  pine  and 
Ribes  in  Monroe,    Morgan,    and  Johnson  Counties,    Tennessee;  and  in  Haywood, 
Buncombe,    McDowell,    Yancey,    Avery,    and  Ashe  Counties  in  North  Carolina. 
It  has  also  been  found  on  Ribes  in  Graham,    Jackson,    Macon,    Madison,    Mitchell, 
Swain,    Transylvania,    and  Watauga  Counties,   North   Carolina;  Blount,    Carter, 
Cumberland,   Sevier,    and  Unicoi  Counties,    Tennessee;  and  Union  County,   Georgia. 
The  disease  is  widespread  on  both  hosts  from  Virginia  north. 

Examination  of  the  white  pine  blister  rust  plot  established  in  Ashe  County, 
North  Carolina,   during  1946  shows  the  following  mortality  results  since  estab- 
lishment: 

Table  15. --Blister  rust  mortality,   Ashe  County,   N.  C. 


Tree  size 


Killed  by  blister  rust 

1946  :  1948  :  1950  :  1952  :  1954 


Trees  over  10  feet  high         117 
Trees  1  to  10  feet  high  34 

Seedlings 


Number 

-  - 

■  -  - 

Percent 

-  - 

-  - 

117 

1 

2 

4 

8 

8 

34 

0 

6 

15 

32 

38 

100 

0 

1 

2 

8 

12 

Sweetgum  Blight 

A  decline  of  sweetgum  of  unknown  cause  has  been  evident  in  the  South  for 
many  years,   becoming  increasingly  severe  in  certain  areas,   particularly  in 
Maryland.     There  is  some  question  whether  the  rapid  decline  in  Maryland, 
Delaware,    and  some  areas  further  South  and  the  "leader  dieback"  known  for  a 
long  time  in  the  South  are  different  diseases.     In  the  absence  of  such  proof,    and 
because  many  of  the  symptoms  of  the  two  declines  are  alike,   they  are  referred 
to  jointly  in  this  report  as  sweetgum  blight  (fig.   46). 

A  survey  for  sweetgum  blight  in  1954  by  a  two-man  Federal  ground  crew 
was  conducted  from  Maryland  to  Louisiana.     Random  strip  plots,    running  at 
right  angles  to  roads,   were  taken  in  representative  sweetgum  stands  until  at 
least  30  sweetgums  5"  d.b.h.   or  larger  were  tallied  by  condition.     Table  16 
shows  the  results  of  these  talleys. 

In  addition  to  the  above  plots,    1,298  one-quarter  acre  roadside  plots  were 
taken  in  typical  gum  stands  throughout  the  survey  route,   on  which  the  general 
condition  of  sweetgum  in  representative  stands  was  appraised.     Table  17  presents 
the  results  of  these  plot  talleys. 
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Table  16.  --Incidence  of  sweetgum  blight  on  121  strip  plots 


:  :   Sweet    :  :  Trees  with  :  Trees  with  :   Trees  with    : 

State  :  Strip  :gum  ex-:  Healthy:   up  to  1/8      :    1/8  to  1/2    :  crowns  over:  Dead 
:  plots  :  amined  :    trees     :  crown  dead  :  crown  dead  :       1/2  dead      :  trees 


Number 

Number 

43 

-  Perce 
41 

mtage 

of  trees  on  strip  plots  - 
10                        4 

Md. 

8 

199 

2 

Va. 

12 

256 

77 

13 

6 

4 

0 

N.   C. 

13 

331 

72 

21 

4 

2 

1 

S.   C. 

16 

480 

68 

24 

6 

1 

1 

Ga. 

16 

477 

73 

19 

7 

1 

0 

Fla. 

16 

479 

70 

17 

11 

1 

1 

Ala. 

16 

479 

59 

25 

9 

3 

4 

Miss. 

16 

480 

71 

16 

9 

2 

2 

La. 

8 

240 

53 

32 

8 

2 

5 

Total 

121 

3421 

67 

22 

8 

2 

2 

Table  17.  --Incidence  of  sweetgum  blight  on  1,298  circular,    ^-acre  plots 


1  to  25 

26  to  50 

Over  50 

Circular 

No 

percent 

percent 

percent 

State 

plots 

blight 

trees 

trees 

trees 

affected 

ciffected 

affected 

Number 

-  Percentage 

of  circular  plots  ------ 

Md. 

66 

12 

15 

33 

40 

Va. 

146 

40 

38 

18 

3 

N.   C. 

144 

42 

38 

16 

4 

S.   C. 

142 

34 

37 

23 

7 

Ga. 

170 

38 

29 

26 

6 

Fla. 

133 

50 

29 

10 

10 

Ala. 

209 

20 

38 

31 

11 

Miss. 

174 

22 

43 

28 

7 

La. 

113 

33 

44 

15 

7 

Total 

1298 

33 

36 

22 

9 

66 


Figure  46. --Sweetgum  blight  in  Maryland. 
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Sweetgum,    as  compared  with  other  species,    commonly  exhibited  a  die- 
back  of  the  crown  which  in  extreme  cases  involved  rapid  death  of  the  entire 
tree.     The  rate  of  decline  has  taken  alarming  proportions  in  local  areas  of 
several  states,   particularly  Maryland  and  parts  of  South  Carolina,   Florida, 
Alabama,    Mississippi,    and  Louisiana. 

Loblolly  Pine  Spot  Die -out 

Research  has  uncovered  some  important  soil  characteristics  related  to 
this  troublesome  dying  in  many  loblolly  plantations  in  the  Southeast.     Data  on 
rate  of  infiltration  and  on  oxidation-reduction  potentials  in  healthy  and  dis- 
eased stands  clearly  show  that  the  "die-out"  soils  tested  are   poorly  permeable 
and  poorly  aerated.     When  ground  wells  bored  in  healthy  and  diseased  stands 
to  depths  of  1,  2,  and  3  feet  were  filled  with  water,   the  level  receded  much 
faster  in  healthy  stands,    showing  greater  permeability  (fig.   47). 

Oxidation-reduction  measurements  taken  every  6  inches  to  a  soil  depth 
of  3  feet  in  a  healthy  and  a  diseased  loblolly  stand  in  South  Carolina  showed 
the  poorer  aeration  of  the  soil  in  the  "die-out"  stand  (table  18). 
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Table  18.  --Oxidation-reduction  measurements  in  a  healthy 
and  a  "die -out"  loblolly  plantation 
(In  millivolts) 


Depth  of 

soil 
samples 
(Inches) 


Oxidation-reduction  measurements,   made  in-- 


Fall 


Healthy  :  Diseased 
stand     :       stand 


Winter 


Healthy  :  Diseased 
stand    :       stand 


Spring 


Healthy  :  Diseased 
stand    :       stand 


0-  5.9 

218 

91 

140 

-1 

79 

31 

6-11.9 

194 

96 

103 

38 

71 

38 

12-17.9 

165 

82 

86 

36 

60 

38 

18-23.9 

135 

90 

78 

19 

59 

28 

24-29.9 

115 

58 

72 

18 

44 

18 

30-35.9 

116 

52 

68 

2 

35 

9 

WELL   DEPTH  (INCHES) 
SOIL    IN  HEdLTHy  STANDS 

SOIL   IN  DISEASED   STANDS 


Figure  47. — Water  recession  from  filled  wells, 
in  two  hours . 


Sapstreak  Disease  of  Sugar  Maple  and 
Yellow-poplar 

During  the  past  15  years,    198 
sugar  maple  and  144  yellow -poplar 
trees  have  been  inoculated  with 
Endoconidiophora  virescens.    Only  15 
trees,   two  of  them  yellow-poplars,  have 
become  diseased  following  inoculation. 
Strains  of  the  fungus  isolated  from  sap- 
streak-diseased  maples  have  killed 
maples,   and  from  blue-stained  yellow- 
poplar  lumber  have  infected  yellow- 
poplars.    Thus,   although  successful 
infection  appears  to  be  uncommon,  both 
in  nature  and  artificially,   the  ordinary 
blue -stain  Endoconidiophora  appears  to 
be  able  to  act  as  a  quick  killer  of  large 
trees  once  it  succeeds  in  invading  the 
vascular  systenn. 

A  13-acre  plot  of  78  large  sugar 
maples  in  an  area  where  sapstreak  has 
been  common  was  put  under  observation 
in  1941.     So  far,   eight  have  died  and  two 
more  are  diseased.     The  disease  has  thus 


far  been  identified  only  on  sugar  maple  near  Barnardsville,  North  Carolina,   and 
on  yellow-poplar  near  Asheville,  North  Carolina,   and  Damascus,   Tennessee. 
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Wood  Moisture  in  Ships  Under  Dehumidification 

In  cooperation  with  the  Navy,   Bureau  of  Ships,    a  study  is  being  conducted 
in  Florida  on  the  effect  of  dehumidification  (DH)  of  inactive  wooden  ships  moored 
in  fresh  water,   froin  the  standpoints  of  wood  moisture  and  decay  susceptibility. 
Observations  are  being  made  on  the  effects  of  DH  on  the  moisture  content  of 
different  members  both  above  and  below  waterline.     The  moisture  content  of 
the  wood  is  measured  electrically  at  permanent  moisture  stations  because  decay 
in  wooden  members  is  affected  by  the  moisture  content,     DH  at  a  relative  humid- 
ity of  45  to  50  percent  keeps  the  bilges  dry  except  in  very  wet  weather.     In  the 
ships  under  DH,   the  moisture  content  of  most  of  the  wood  above  waterline  is 
kept  too  low  for  the  development  of  decay  fungi.     The  wood  below  waterline, 
while  drier  than  when  the  study  began  in  1952,   is  still  moist  enough  at  a  con- 
siderable number  of  places  to  support  fungi.     Some  decay  is  present  in  super- 
structures,  decks,   and  frames  near  deck  line,   but  no  definite  decay  was  found 
in  numerous  frames  bored  near  waterline. 

Nursery  Diseases 

Studies  at  the  Herty  Nursery  of  the  Georgia  Forestry  Commission  have 
shown  that  the  root  rot  there  resembles  that  which  occurred  at  the  Ashe  Nursery, 
in  Mississippi.     Control  by  soil  fumigants  has  been  successful.     Methyl  bromide 
at  one  pound  per  1,000  square  feet  has  given  control  superior  to  ethylene  di- 
bromide  at  7|  gallons  per  acre.     This  suggests  that  a  fungus -nematode  complex 
is  involved.     The  extra  cost  of  methyl  bromide  can  be  justified  because  of  the 
additional  saving  over  the  cost  of  hand  weeding  nut  grass. 

Studies  on  fertilization  have  shown  that  nitrogen  deficiency  is  commonly 
limiting  to  growth.     Liquid  applications  of  ammonium  nitrate  or  urea  solution 
in  April  and  May  corrected  the  difficulty.     Some  types  of  chlorosis  fail  to 
respond  to  nitrogen  or  iron  applications. 

Irrigation  based  on  gypsum  block  conductivity  readings  requires  less  total 
water  without  producing  a  detrimental  effect  on  the  seedlings.    A  fungus  of  the 
genus  Diplodia  is  commonly  found  on  pine  seed,   but  fungicidal  treatments  of 
seed  before  planting  have  shown  no  benefit  to  establishing  stands.     An  outbreak 
of  Phomopsis  blight  was  found  on  nursery  seedlings  of  Monterey  pine. 

Miscellaneous  Diseases 

Pine  cankers.  --The  number  of  cankered  shoots  on  two  Virginia  pine  plots 
at  Bent  Creek  have  increased  58  and  79  percent  in  7  years.    New  pitch  cankers 
have  been  tallied  almost  every  year  on  slash  pine  plots  at  Daytona  and  Olustee, 
Florida.     Important  damage  from  pitch  canker,   however,   is  a  very  local  matter. 
This  year  a  striking  case  of  heavy  killing  of  pole -sized  shortleaf  by  pitch  canker 
in  Tennessee  was  investigated;  and  a  serious  mortality  of  turpentined  slash  pine 
in  south  Georgia  is  under  study,   involving  cankering  of  unknown  cause. 

Virginia  pine  rust.  --A  large  number  of  trees  inoculated  with  aeciospores 
of  the  new  rust,   or  with  sporidia  from  an  undetermined  Cronartium  on  Buckleya 
have  been  outplanted  for  observations  on  canker  formation. 
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Figure  48. — Disease  inquiries  made  to  the 
Division  of  Forest  Disease  Research. 


Sycamore  anthracnose.  --Leaf 
blight  and  defoliation  of  sycamores  were 
widespread  over  much  of  the  southern 
Appalachian  area  in  the  spring.     Infec- 
tions by  the  causal  fungus  Gnomonia 
veneta  were  favored  by  the  wet  cool 
weather,    leading  to  the  most  epidemic 
occurrence  since  1937. 

Drought.  --Unseasonably  dry 
weather  occurred  for  the  third  consec- 
utive summer  in  parts  of  the  Southeast, 
resulting  in  drought  injury  to  many  trees, 
especially  oaks.     This  increased  the 
difficulty  of  detecting  wilt-diseased  oaks 
because  drought  symptoms  are  super- 
ficially similar  to  those  caused  by  wilt. 

Inquiries  on  Tree  Disease  Problems 

Inquiries  hauidled  by  the  Asheville 
pathology  unit  have  risen  from  about  40 
per  year  10  years  ago  to  about  300  per 
year  currently  (fig.  48).   This  work  has 
become  a  major  activity  and  is  regarded 
as  essential  to  our  clients  and  helpful  to 
the  research  group  in  keeping  abreast  of 
disease  developments. 


FOREST  INSECT  RESEARCH 

On  January  1,    1954,   the  Division  of  Forest  Insect  Investigations  of  the 
Former  Bureau  of  Entomology  and  Plant  Quarantine  was  transferred  to  the  U.   S. 
Forest  Service.     Personnel  and  functions  of  the  former  Division  were  assigned 
to  the  Forest  Experiment  Stations  in  the  Division  of  Forest  Insect  Research. 

Funds  were  allocated  to  the  Southeastern  Station  on  July  1,    1954,   for  re- 
search on  forest  insect  problems.     These  funds  have  enabled  the  Station  to 
employ  two  additional  entomologists  at  Asheville.     The  research  activities  of  an 
entomologist  located  at  Lake  City,   Florida,   which  were  formerly  under  the  tech- 
nical supervision  of  the  Gulfport,    Mississippi,    Laboratory,   were  placed  under  the 
technical  guidance  of  this  Station.     Cooperative  funds  provided  by  the  State  of 
Georgia  have  made  it  possible  to  employ  an  entomologist  at  Macon,   Georgia,   who 
will  work  primarily  on  insect  problems  in  the  Georgia  forest  nurseries  and 
plantations. 

Southern  Pine  Beetle 


This  was  another  year  of  heavy  losses  due  to  southern  pine  beetle  activity 
in  North  Carolina,  Tennessee,  and  Virginia.  Conservative  estimates  of  timber 
volume  killed  by  the  beetle  in  these  states  are  shown  in  table  19. 
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Table  19.  --Volume  of  pine  killed  in  North  Carolina,    Tennessee, 


and  Virginia  by 

the 

southern  pine  bee 

tie. 

1951-1954 

Year 

[           Volume 
;           killed 

[          Estimated 
]               value 

Area 

M  bd.  ft. 

Dollars 

Acres 

1951-52 

2,  500 

37, 500 

1,  500 

1953 

13,  500 

202, 500 

3,  000 

1954 

30.  000 

450,000 

6,  500 

It  is  estimated  that  only  20  percent  of  this  material  was  salvaged  by  the 
larger  landowners,    and  North  Carolina  and  Cherokee  National  Forests.     In 
many  areas,   the  inaccessibility  of  the  killed  areas  and  small  tree  size  (fig.  49) 
combined  with  inadequate  pulpwood  markets,   hindered  or  made  salvage  oper- 
ations impractical. 


Figure  49. — Trees  of  small  diameter  killed  by  the  southern  pine  beetle  are  often:  difficult 
to  salvage. 


71  - 


Aerial  and  ground  surveys  were  conducted  in  both  January  and  June  (fig.  50) 
in  cooperation  with  the  Beltsville  Research  Laboratory  to  locate  areas  of  infesta- 
tion on  the  North  Carolina  National  Forest,   Great  Smoky  Mountains  National  Park, 
Cherokee  Indian  Reservation,    and  immediately  adjoining  private  lands.   Estimates 
in  January  showed  44,000  infested  pines  on  all  lands  in  western  North  Carolina. 
For  the  same  area  21,000  infested  trees  were  reported  in  June.     The  reduction 
in  beetle  attacks  from  January  to  June  was  only  temporary,    since  new  attacks 
have  occurred  at  a  much  faster  rate  since  that  date. 

Estimates  of  insect  kill  in  Tennessee  were  made  following  each  of  the 
North  Carolina  surveys.     Bug  kill  in  January  was  estimated  at  9,600  trees  in 
western  Tennessee.     By  late  June  the  number  of  infested  trees  had  increased  to 
over  44,200. 

A  large  outbreak  of  this  beetle  was  reported  from  south-central  Virginia 
in  late  1954.     This  outbreak  is  known  to  be  killing  a  large  volume  of  pine  over 
an  area  of  approximately  1,000  square  miles. 

Field  examinations  during  December  give  no  indication  of  a  foreseeable 
decrease  in  activity  of  the  beetle  in  the  southern  Appalachians.     If  drought  con- 
ditions prevail  again  in  1955,    continued  heavy  timber  losses  may  be  expected. 


Figure  50. 


-Aerial  surveys  are  made  to  detect  and  determine  areas  of  southern  pine 
beetle  attack. 
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GALLERIES  IN  THE  INNER  BARK 


Figure  51. — Life  history  of  the  southern  pine  beetle. 


ADULT 


Under  provisions  of  the  Forest  Pest  Act,   nearly  25,000  infested  trees 
were  chemically  treated  during  the  year  by  federal  land  managing  agencies, 
the  North  Carolina  Department  of  Conservation  and  Development,   Log  Cabin 
Association,   and  Champion  Paper  and  Fibre  Company.     The  Cherokee  National 
Forest  has  salvaged  pine  wherever  possible  and  has  cut  an  estimated  2  million 
board  feet  of  infested  timber.     Rapid  conversion  or  treatment  of  infested 
timber  is  essential  to  control  this  beetle,    since  it  completes  from  four  to  six 
generations  each  year.     Only  40-60  days  are  required  for  each  individual  brood 
to  mature  (fig.    51). 
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Black  Turpentine  Beetle 

Research  work  on  control  of  the  beetle  has  been  in  progress  at  Lake  City, 
Florida.     Since  a  large  portion  of  the  population  of  this  insect  originates  in 
fresh-cut  pine  stumps  (fig.   52)  and  subsequently  attacks  and  kills  living  trees 
(fig.  53),   niost  of  the  work  has  been  directed  toward  development  of  methods 
of  controlling  the  beetle  by  means  of  stump  spray  applications.     Two  methods 
of  control  have  been  developed.     One  is  to  prevent  the  attacks  from  being  made 
on  fresh-cut  pine  stumps,    and  the  other  is  to  kill  the  brood  after  the  attacks 
have  been  established.     These  are  referred  to  as  preventive  and  remedial 
control,    respectively. 


—  EXIT    HOLES 


EGG    GALLERY 


PUPAE   IN  PUPAL  CELLS 


MASS   FEEDING  OF  LARVAE 


ENTRANCE    AND   PITCH    TUBE 


Figure  52. — Pine  stump  infested  by  black  turpentine  beetle. 

The  results  of  various  tests  show  that  benzene  hexachloride  at  a  concen- 
tration of  ^  percent  gamma  in  dissel  oil  is  the  most  effective  material  used  in 
preventing  black  turpentine  beetle  attacks  on  fresh-cut  pine  stumps  and  on 
standing  trees.     This  material  remains  effective  for  at  least  7  months  after 
application.     To  obtain  the  best  remedial  control,    ethylene  dibromide  should 
be  added  to  this  solution  at  the  rate  of  3  pounds  per  5  gallons.     These  sprays 
should  be  applied  at  the  rate  of  1  gallon  for  40  to  50  square  feet  of  bark  surface. 
The  loose  bark  and  debris  should  be  sloughed  away  from  the  stump  to  obtain 
maximum  effectiveness. 

Pine  Engraver  Beetles 

Drought  conditions  prevailed  generally  throughout  the  Southeast  this  year, 
but  precipitation  deficiency  and  abnormally  high  temperatures  were  particularly 


-  74  - 


serious  in  southern  Georgia,  where  some 
localities  experienced  less  than  25  per- 
cent normal  rainfall  for  8  consecutive 
months. 

Due  to  the  weakening  effect  of  the 
drought  and  other  factors,   such  as  wild- 
fires, pines  in  many  localized  areas  were 
attacked  by  the  pine  engraver  beetles, 
Ips  calligraphus,   grandicoUis,    and 
avulsus.     By  early  September,   sizeable 
acreages  of  pine  timber  were  being  killed 
by  these  bark  beetles.     In  December,   the 
following  Georgia  counties  were  known  to 
have  serious  Ips  beetle  outbreaks:  Dooly, 
Pierce,    Pulaski,    Tift,    Turner,   Worth, 
Laurens,   and  Treutlen.   Conservative 
estimates  of  the  volume  of  slash  and 
longleaf  pine  killed  by  these  beetles  in 
the  above  counties  in  1954  is  35  million 
board  feet. 

Fall  Cankerworm 

„.  CO       A 4-1     1  1-4.  u    tu    ui     1  Aerial  surveys  during  June  1954 

Figure  53. — Attacks  on  living  trees  by  the  black  •'  » 

turpentine  beetle.  showed  that  22,300  acres  of  Appalachian 

hardwoods  were  heavily  defoliated  in 
Haywood,   Jackson,   and  Transylvania  Counties  on  and  adjoining  the  North 
Carolina  National  Forest  in  western  North  Carolina.     The  total  acreage  of 
heavy  defoliation  in  this  same  area  in  1953  was  29,500,    and  in  1952  only 
3,700  acres.     To  date,   tree  mortality  has  not  occurred  on  areas  which  have 
been  defoliated  for  3  consecutive  years. 

Pine  Sawflies 

Sawflies  of  the  genus  Neodiprion  caused  severe  defoliation  of  several 
small  localized  areas  in  the  Southeast,   especially  in  northern  Florida.     A 
2  5,000  acre  tract  of  pond  pine  in  Berkeley  County,    South  Carolina,   which  was 
severely  defoliated  in  1953,    showed  less  than  25  percent  defoliation  in  1954. 

Pine  Tip  Moth 

The  number  of  reports  of  severe  damage,   particularly  to  planted  loblolly 
pine,   have  increased  considerably  over  those  received  last  year.     Both  the 
Nantucket  pine  moth,    Rhyacionia  frustrana,    and  a  species  lacking  a  common 
name,   R.  rigidana,   were  commonly  taken  in  damage  specimen  collections. 
The  dry  weather  of  the  past  two  seasons  appears  to  be  partly  responsible  for 
the  increased  injury.     Satisfactory  control  has  been  developed  for  the  protec- 
tion of  ornamental  pines,   but  effective  and  economical  methods  have  yet  to 
be  developed  for  spraying  or  treating  large  plantations.     Examinations  and 
reports  on  the  Southwide  Seed  Source  Study  plots  show  that  tip  moths  were  the 
most  prevalent  and  serious  insect  pest  of  loblolly  pine. 
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Pales  Weevil 

Reports  of  girdling  of  natural  and  planted  pine  reproduction  by  the  pales 
weevil  have  been  more  frequent  in  1954.     This  damage  is  most  likely  to  occur 
in  or  adjacent  to  heavily  logged  or  burned  areas.     Planting  of  pines  in  such 
areas,   within  less  than  one  year  following  removal  or  severe  damage  to  the 
stand,   is  likely  to  result  in  considerable  seedling  mortality  due  to  pales  feed- 
ing on  the  bark  tissues  of  the  young  trees. 

Cypress  Beetle 

During  the  past  few  years  reports  have  been  received  that  cypress  was 
discoloring  in  midsummer  in  parts  of  the  Southeastern  states.     This  condition 
was  generally  attributed  to  drought.     During  the  past  summer  it  was  discovered 
that  swarms  of  small  beetles,   Systena  marginalis,   were  feeding  upon  cypress 
needles.    It  now  appears  that  the  feeding  of  this  beetle  was  responsible  for 
cypress  defoliation  which  formerly  was  believed  to  be  caused  by  lack  of 
moisture. 

The  beetles  move  in  large  swarms  and  can  be  found  on  only  a  few  trees 
in  an  area  at  any  one  time.    It  is  possible  to  travel  \  mile  in  a  pond  and  see 
extensive  damage  without  seeing  a  beetle.     They  apparently  do  not  remain  on 
a  tree  for  more  than  1  to  3  days.    Only  a  few  days  after  the  trees  are  attacked, 
they  turn  red. 

The  activity  of  the  beetle  was  first  noticed  in  mid-June  in  north  Florida. 
Discoloration  of  the  foliage  became  noticeable  by  mid -July,   and  by  early 
August  it  had  become  very  severe  and  almost  universal  in  some  areas.     By 
late  August,   after  one  of  the  driest  summers  on  record,   a  great  many  of  the 
trees  were  putting  out  new  foliage. 

Bark  Beetle  Attacks  Grafted  Pines 

A  small  bark  beetle  caused  considerable  damage  to  scions  of  slash  pine 
during  the  grafting  work  by  personnel  of  the  Forest  Genetics  Project  at  Lake 
City,   Florida,    In  April  when  the  scions  began  to  elongate  and  the  unions 
seemed  successful,   the  beetle  attacks  were  first  noted.     Scions  were  attacked 
in  the  lath  house  and  in  field  replicates  over  10  miles  away,   with  losses  of 
approximately  25  percent  and  15  percent,   respectively. 

Normally,  this  small  beetle,   which  is  indigenous  to  pine  areas,   attacks 
the  newly  felled  or  dying  pines  and  the  tips  of  branches  which  are  in  the  process 
of  being  naturally  pruned.    Occasionally  it  has  been  recorded  as  attacking  rather 
healthy  branch  tips. 
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ANDERSON,   W.    C. 

Pine  sawmilling  costs  by  log  size:    an  estimating  nriethod.   Southeast, 
Forest  Expt.   Sta.    Paper  43,    14  pp. 

A  simple  method  for  estimating  the  cost  of  sawing  mill-run  pine  lumber 
from  logs  of  any  size  at  small  sawmills. 

BENNETT,   F.   A. 

A  practical  schedule  for  pruning  planted  slash  pine.     Southeast.   Forest 
Expt.   Sta.    Research  Note  53. 

Can  prune  to  8  feet  at  5  or  6  years,  and  17  feet  at  10  or  12  years  without 
reducing  crowns  below  50  percent  of  height. 

BENNETT,   F.   A. 

Reduction  in  growth  of  interplanted  slash  pine.  Southeast.  Forest  Expt. 
Sta.   Research  Note  55. 

One  year's  delay  in  7|  x  15  interplanting  in  original  15  x  15  spacing  was 
fatal;  second  planting  suppressed  by  first  one. 

BENNETT,   F.   A. 

Interplanted  slash  pine  fails.     South.   Lumberman  189(2369):   166, 

Seedlings  interplanted  to  improve  plantation  spacing  are  suppressed  by 
rapid  development  of  earlier  planting. 

BENNETT,   F.   A.,    and  HALLS.    L.   K. 

The  effect  of  grazing  on  slash  pine  seedling  survival.  Southeast.  Forest 
Expt.  Sta.  Research  Note  58.  Also  in  South.  Lumberman  189(2361):  52. 
Also  in  Naval  Stores  Rev.    64(5):   16. 

Heavy  and  light  grazing  on  south  Georgia  carpetgrass  and  wiregrass  ranges, 
respectively,   had  no  detrimental  effect  on  the  survival  of  interplanted  slash 
pine  seedlings  during  the  first  year  after  planting. 

BRENDER,   E.   V.,    and  NELSON,    T.    C. 

Behavior  and  control  of  understory  hardwoods  after  clear  cutting  a  piedmont 
pine  stand.     Southeast,  Forest  Expt.  Sta.   Paper  44.    17  pp. 

Control  by  cutting  lasted  little  over  a  year;  burning  effects  lasted  2  years. 


BOYCE,   J.   S.,    Jr. 

Nitidulid  beetles  released  500  feet  away  reinfest  oak  wilt  fungus  mats. 
Plant  Dis.   Rptr.    38(3):    212-213. 

Marked  nitidulid  beetles  were  recovered  on' fresh  oak  wilt  fungus  mats 
when  released  500  feet  from  them. 

BOYCE,    J.   S.,    Jr. 

Spraying  logs  of  oak  wilt  trees  to  reduce  infection  hazard.     Southeast.  Forest 
Forest  Expt.  Sta,   Research  Note  52.     Also  in  South.   Lumberman  188(2357):  68 

Spraying  unbarked  logs  of  oak  wilt  trees  with  a  mixture  of  BHC,   DDT,   and 
pentachlorophenol  is  a  promising  treatment  for  reducing  the  possibility  of 
insect  spread  of  the  disease. 

BOYCE,    J.   S.,    Jr. 

Hypoderma  needle  blight  of  southern  pines.     Jour.  Forestry  52(7):  496-498. 

Observations  on  needle  blights  of  southern  pines  from  1949  through  1952 
show  that  the  fungus  Hypoderma  lethale  is  an  important  cause.     Loblolly, 
pond,   and  slash  pine  seedlings  were  successfully  inoculated  with  the  fungus. 

BOYCE,   J.    S.,   Jr. 

Mat  formation  by  the  oak  wilt  fungus  on  felled  versus  standing  trees.   Plant 
Dis.   Rptr.   38(9):  676-677. 

Observations  in  North  Carolina  and  Tennessee  showed  that  wilting  trees 
which  were  felled  during  the  summer  produced  mats  only  during  the  same 
fall.     Some  infected  trees  that  were  left  standing,   however,  produced  mats 
the  spring  following  the  appearance  of  wilt  symptoms. 

BOYCE,   J.   S.,    Jr. 

Control  methods  for  oak  wilt  described  by  forestry  experts.     The  Tenn. 
Conservationist  20(11):  11,   22. 

Current  methods  of  treating  wilt-infected  trees  to  reduce  their  infection 
hazard  are  described. 

BYRAM,   G.   M. 

Atmospheric  conditions  related  to  blowup  fires.     Southeast.  Forest  Expt. 
Sta.   Paper  35,    34  pp. 

The  relation  of  certain  atmospheric  conditions,   particularly  wind  profiles, 
to  blowup  fires. 

BYRAM,   G.   M. 

Air  turbulence  and  extreme  fire  behavior.     Northeastern  Logger  2(9):  17,  37. 

Atmospheric  instability  and  some  kinds  of  wind  patterns  set  the  stage  for 
blowup  fires. 


CAMPBELL,    R.   A. 

Farm  woodland  management  in  the  Southern  Appalachians,    an  8-year 
summary.     Southeast.   Forest  Expt.   Sta.   Paper  41,    9  pp. 

Returns  $3  per  acre  annually  from  stumpage  alone,   or  $10  at  roadside 
for  stumpage  and  labor,   or  $15  at  market  for  these  items  plus  hauling. 

CAMPBELL,    R.   A. 

Labor  requirements  as  influenced  by  volume  cut  per  acre  on  the  Bent  Creek 
Experimental  Forest.     Southeast.  Forest  Expt.  Sta.  Research  Note  51. 

In  increasing  the  cut  from  1.8  to  6.0  MBM  per  acre,   the  time  per  M  for 
felling  and  buc'king  (but  not  for  skidding)  increased. 

CAMPBELL,  W.  A.,  and  COPELAND,  O.  L.  ,  Jr. 

Littleleaf  disease  of  shortleaf  and  loblolly  pines.     U.  S.  Dept.   Agr.  Cir. 
940,    41  pp. 

Range,    symptoms,    cause,    incidence  as  related  to  soils,    and  ways  of 
reducing  losses  are  summarized  for  this  important  disease. 

CAMPBELL,    W.   A.,    and  HEPTING.   G.   H. 

Fomes  annosus  on  slash  pine.     Plant  Dis .  Rptr.  38(3):  217. 

Two  examples  of  injury  to  slash  pine  by  Fomes  annosus  are  cited  to  show 
that  the  fungus  can  actively  attack  this  widely  planted  pine. 

CLAPPER,    R.   B. 

Stimulation  of   pine  oleoresin  flow  by  fungus  inoculation.    Econ.  Botany 
8(3):     269-284. 

Investigations  on  the  use  of  the  pitch  canker  Fusarium  to  stimulate  oleo- 
resin flow  and  pitch  soaking  in  turpentine  pines  are  described. 

CLEMENTS,    R.    W. 

How  to  install  spiral  gutters  with  double-headed  nails.     Florida  Grower 
and  Rancher  LXII(4):  1278. 

Each  step  in  the  procedure  is  illustrated  with  photographs. 

CLEMENTS,    R.   W. 

Spray  your  acid  in  the  right  place.     AT-FA  Jour.    16(8):  12,    16. 

One  of  the  most  important  phases  of  good  treatment  in  commercial 
operations  is --where  the  laborer  places  the  acid.     Careless  treating 
habits  can  reduce  gum  yields. 


CLEMENTS,    R.   W. 

Nail  that  extra  gum  profit.     Naval  Stores  Rev.   64(d):  14.     Also  in  AT-FA 
Jour.    16(11):   13. 

In  pilot  plant  tests,    longleaf  pines  with  tins  nailed  on  produced  74.4  barrels 
more  gum  per  crop  over  a  2 -year  period  than  similar  timber  with  tins 
inserted  in  broadaxe  incisions. 

CLEMENTS,    R,   W.,    and  GEISEY,    J.   T. 

New  tool  for  raising  tins  installed  with  double-headed  nails.  Naval  Stores 
Rev.   64(6):  9.     Also  in  AT-FA  Jour.    16(12):  11. 

A  new  raising  tool  which  greatly  simplifies  the  job  of  raising  tins  installed 
with  double-headed  nails  permits  one  man  to  do  the  entire  job  of  raising  at 
the  tree. 

COOPER,    R.   W.,   and  OLSON,    D.  F. 

A  successful  slash  pine  plantation  on  a  longleaf  site.  AT-FA  Jour.  17(1):  15. 

A  22 -year  plantation  under  management  on  a  dry  Florida  site  produced  1.4 
cords  pulpwood  per  acre  annually. 

COPELAND,   O.   L.,    Jr. 

Estimating  the  littleleaf  hazard  in  South  Carolina  Piedmont  shortleaf  pine 
stands  based  on  site  index.  Southeast.  Forest  Expt.  Sta.  Research  Note  57. 

Data  are  presented  for  estimating  the  littleleaf  expectancy  in  established 
shortleaf  pine  stands  in  the  South  Carolina  Piedmont. 

CRUIKSHANK,   J.   W. 

Site  index  of  the  major  pine  forest  types  in  the  Southeast.     Southeast. 
Forest  Expt.  Sta.  Research  Note  50. 

The  proportion  of  each  major  forest  type  area  in  each  site  index  class. 

CRUIKSHANK,    J.   W. 

1953  pulpwood  production  in  the  South.     Southeast.  Forest  Expt.  Sta. 
Forest  Survey  Release  43,     34  pp. 

The  number  of  cords  of  pine,  hardwood,   and  chestnut  pulpwood  produced 
in  each  county  and  state  of  the  South. 

CRUIKSHANK,    J.   W. 

Southern  pulpwood  production  increased  in  1953.  Southeast.  Forest  Expt, 
Sta.  Research  Note  60. 

The  number  of  cords  of  pine,   hardwood,   and  chestnut  pulpwood  produced 
in  each  southern  state. 


CHUIKSHANK.    .1.    W.,    ami  CilLL,    C.    E. 

Virginia's  woocllaiuls .     \'ii'j4inia  Farm  Ecoiiomus  (138):    l!i-25. 

A  brief  description  of  llie  forest   area,    forest   land  ownei'sliip,    and  tiinber 
products  of    Virginia. 

DAVIDSON,    H.    W.,    and  CAMPliE  LL,    VV.    A. 

Poria  eoeos,    a  widely  distributed  wood-rottmg  fungus.     Myeologia  46(2): 
234-237. 

Describes  the  variety  of   tree  hosts  in  tlie  United  States  from  which  Poria 
cocos  lias  been  isolated. 

DEMMON,    E.    L. 

Forest  research  - -past ,    present,    and  futur-e.     Tlie  Forest  Farmer   13(7): 
12,    27,    36. 

History  of  forest  research  in  North  Carolina. 

DEMMON,    E.    L. 

Futures  in  researcli.     The  Forest  Farmer  13(12):  7-9,    15,    16. 

The  small  beginnings  of  forest  researcli  in  the  South  have  blossoined  into 
a  large-scale  search  for  new  methods,    new  markets,    and  even  new  strains 
of  trees . 

DEMMON,    E.    L. 

Digest  of  panel  discussion  on  maximum  growth  of  pulp  fiber  per  acre. 
Pulpwood  Annual-- 1954,    edited  by  American  Pulpwood  Assoc,   published 
by  Pulp  and  Paper  magazine,   N.   Y.,   pp.   48,    50. 

Discussion  of  quality  vs.  quantity  in  connection  with  pulpwood  yield.   Weight 
is  a  better  measure  of  quality  than  volume. 

DOOLITTLE,    W.   T. 

Weevils  attracted  to  bud-pruned  white  pine.     Southeast.  Forest  Expt.  Sta. 
Research  Note  63. 

Finger  budding  increases  susceptibility  of  white  pine  leaders  to  weevil 
damage. 

ENGLERTH,    G.   H.  ,    and  SMITH,    W.    R. 

Guide  for  grading  southern  pine  logs.     Southeast.  Forest  Expt.  Sta.,  7  pp. 

A  pocket  guide  defining  grading  defects  and  giving  log  grading  procedure 
in  handy  tabular  form  that  does  not  require  computations. 


EVANS,    T.   C.    and  GRUSCHOW,   G.   F. 

A  thinning  study  in  flatwoods  longleaf  pine.   Jour.   Forestry  52(1):  9-10. 

A   16 -year  record  shows    satisfactory  volume  growth  over  a  wide  range 
of  stand  density.     Annual  diameter  growth  of  more  than  0.1  inch  resulted 
only  in  residual  stands  of  less  than  65  square  feet  per  acre. 

HALLS,    L,   K. 

The  evaluation  of  Southern  range  conditions.   Eleventh  Annual  Southern 
Pasture  &  Forage  Crops  Conf.,   pp.  35-41. 

Presents  a  brief  description  and  evaluation  of  several  Coastal  Plain  range 
types  and  points  out  lesser  importance  of  Piedmont  and  mountain  grazing 
areas . 

HALLS,    L.   K. 

Low-cost  range  improvement  pays  in  the  Southeast.     Southeast.  Forest 
Expt.  Sta.  Research  Note  54. 

Spring  broadcasting  of  carpetgrass  and  lespedeza  seed  on  cut -over  slash 
pine  forest  land,   burned  the  previous  fall,   increased  the  annual  return 
from  grazing  three-fold,  from  $2.10  to  $6.14  per  acre. 

HALLS,    L.   K. 

The  approximation  of  cattle  diet  through  herbage  sampling.   Jour.  Range 
Mgt.    7(6):  269-270. 

Develops  the  possibility  of  making  direct  estimates  of  cattle  diet  in  the 
field  by  comparing  estimates  of  cattle  diet  with  nutrient  analyses  of 
herbage  samples. 

HALLS,   L.  K,,   and  HAWLEY,   N.   R. 

Slash  pine  cone  production  is  increased  by  seed-tree  release.     Southeast. 
Forest  Expt.  Sta.  Research  Note  66. 

Flower  fertilization  increased  one  year  after  release,   and  cone  production 
increased  the  third  year  after  release. 

HALLS,    L.  K.,    and  SOUTHWELL,    B.   L. 

Consumption  of  minerals  by  cattle  on  southeastern  coastal  plain  forest 
range.     Jour.    Range  Mgt.   7(4):   163-165. 

Salt  and  bone  meal,   recommended  sources  of  phosphorus  and  calcium, 
must  be  mixed  to  insure  adequate  free -use  by  range  cattle.     Breeding 
cows  maintained  yearlong  on  native  range  will  consume  about  74  pounds 
of  a  2  to  1  mixture  of  steamed  bone  meal  and  salt  per  year. 


HALLS,    L.    K.,    aiul  SUMAN,    R.    F. 

Improved  forage  under  soulhern  pines.    Jour.  Forestry  52(11):  848-851. 

Good  stands  of  improved  forage  species  such  as  Louisiana  white  clover, 
carpetgrass  and  Dallas  grass  can  be  established  without  tillage  in  longleaf- 
slash  pine  forests  following  litter  removal  by  burning,    and  providing  fertilizer 
and  lime  are  applied  to  the  soil.     The  best  stands  were  obtained  on  poorly 
stocked  areas  having  less  than  50  squar-e  feet  of  tree  basal  area  per  acre. 

HARRAR,    E.    S. 

Defects  in  hardwood  veneer  logs:  their  frequency  and  importance.   Southeast, 
Forest  Expt .  Sta.  Paper  39,    45  pp. 

Classifies  and  describes  the  type  of  defec:ts  found  in  yellow-poplar,    water 
tupelo,    red  gum,    and  black  gum  veneer  logs.     Illustrations  show  defects 
at  various  depths  of  logs  as  veneer  is  peeled. 

HAWLEY.    N.    R. 

A  50-year  partnership  in  forest  research.     AT-FA  Jour.    16(9):  4-5,    9. 

Foresight  in  private  management  of  slash  pine  prepared  the  ground  for  the 
George  Walton  Experimental  Forest. 

HAWLEY,    N.    R. 

Basic  management  steps  governing  a  50-year  partnership  in  forest  research. 
AT-FA  Jour.    16(10):  6-7. 

(1)  Survey  boundaries,    (2)  control  fires,    (3)  inventory  timber,   (4)  determine 
gi'owth,    (5)  integrate  operations,    and  (6)  provide  for  regeneration. 

HAWLEY,    N.    R. 

Land  surveys  for  50-year  partnership  in  forest  research.     AT-FA  Jour. 
16(11):  8-9. 

42  miles  of  survey  line  rerun,    blazed,   painted,    and  corners  permanently 
monumented  for  experimental  forest. 

HAWLEY,   N.    R. 

Early  fire  protection  insures  a  50-year  partnership  in  forest  research. 
AT-FA  Jour.    16(12):  4-6, 

An  account  of  a  successful  pioneer  private  enterprise  in  forest  protection, 

HAWLEY,    N,   R. 

The  basic  cruise  for  a  50-year  partnership  in  forest  research,   AT-FA  Jour, 
17(1):  4-7, 

Description  of  timber  cruising  and  inventory  work  on  the  George  Walton 
Experimental  Forest. 


HAWLEY,    N.    R. 

Growth  studies  for  a  50-year  partnership  in  forest  research.  AT-FA  Jour. 

17(2):  6-8. 

Young,  understocked  sawtimber  stands  doubled  their  volume  in  about  four 
years . 

HAWLEY,   N.    R. 

Marking  rules  for  a  50-year  partnership  in  forest  research.     AT-FA  Jour. 
17(3):   10-12. 

Improvement  cutting  removes  diseased  trees,    "poor  risks,  "  and  other 
unsatisfactory  growing  stock. 

HAWLEY,   N.    R. 

An  island  of  green  in  a  sea  of  fire.     Forest  Farmer  14(2):  6,  7,  19. 

A  success  story  of  the  public  relations  problems  in  pioneering  forest 
management. 

HEPTING,   G.   H. 

Gum  flow  and  pitch  soak  in  Virginia  pine  following  Fusarium  inoculation. 
Southeast.  Forest  Expt.  Sta.  Paper  40,   9  pp. 

Describes  gum  yields  and  amount  of  pitch-soaking  in  Virginia  pine 
following  inoculations  with  the  pitch  canker  fungus. 

HOEKSTRA,    P.   E. 

New  blood  for  southern  pines.     South.   Lumberman  189(2369):  182-183. 

Non-indigenous  species  and  varieties  of  pine  are  being  established  in 
Florida  to  furnish  material  for  tree  improvement. 

HOOVER,    M.   D.,    METZ,    L.   J.,    and  OLSON,   D.   F.,    Jr. 

Soil  sampling  for  pore  space  and  percolation.     Southeast.  Forest  Expt. 
Sta.  Paper  42,   28  pp. 

Describes  methods  of  sampling  soil  for  pore  space  and  percolation  at  the 
Piedmont  Research  Center,   including  field  collection,    laboratory  analysis, 
and  connputational  methods. 

KEETCH,   J.   J. 

Instructions  for  using  forest  fire  danger  meter  type  8.     Southeast.  Forest 
Expt.  Sta.  Paper  33,    7  pp. 

How  to  use  the  meter  used  by  all  fire  control  agencies  throughout  Region  7. 

KEETCH,   J.   J. 

Forest  fire  danger  meter  type  8.     Northeastern  Logger  2(9):  16. 

A  brief  general  discussion  of  meter  type  8. 


KEETCH,    J.    J. 

Instructions  for  using  forest  fire  danger  meter  type  8.   Fire  Control  Notes 
15(3):  40-46. 

Reprint  of  Station  Paper  No.    33  . 

KEETCH.    J.   J.,    and  GLADSTONE,    M.    C. 

1953  forest  fires  and  fire  danger  in  Connecticut,   Kentucky,    Maine,  Maryland, 
Massachusetts,   New  Hampshire,   New  Jersey,    New  York,    Pennsylvania, 
Rhode  Island,    Vermont,    Virginia,    and  West  Virginia. 

Thirteen  separate  state  reports  containing  tables  and  graphs  analyzing 
forest  fires  and  fire  danger. 

KORSTIAN,    C.   F.,    MAKI,    T.    E.,   OSTROM,    C.   E.  ,    and  SCHEER,    R.   L. 

Desirable  cutting  practices  for  North  Carolina  forests.  N.  C.  Forestry 
Assn.,    Raleigh,    22  pp. 

Recommendations  for  the  following  types:  Eastern  white  pine,   mountain 
cove,    loblolly-shortleaf  pine,    Virginia  pine,    longleaf  pine,    pond  pine, 
and  bottomland  hardwoods  of  the  coastal  plain, 

KOVNER,    J.    L.,    and  EVANS,    T.   C. 

A  method  for  determining  the  minimum  duration  of  watershed  experiments. 
Trans.   Amer.   Geophys.   Union  35(4):  608-612. 

A  simple,    graphic  solution  is  described  for  approximating  the  period  required 
to  detect  significant  differences  between  treatments  on  experimental  watersheds. 

LANGDON,   O.   G. 

Gum  yields  of  South  Florida  slash  pine.     Southeast.  Forest  Expt.  Sta.  Research 
Note  47. 

Gum  yields  from  South  Florida  slash  pine  were  only  119  barrels  per  crop, 
which  is  considerably  lower  than  the  200  barrels  per  crop  average  for  the 
northern  slash  pine. 

LANGDON,   O.   G. 

Skilful,  lifting  techniques  increases  seedling  survival.  South.  Lumberman 
189(2369):  153-154. 

Common  errors  are:  blade  too  dull,   set  at  wrong  angle  or  depth,   or  drawn 
too  fast. 

LARSON,    P.   R. 

Three-quarter -inch  chipping  proves  best.     AT-FA  Jour.    16(8):  13,    16. 

Gum  yields  were  increased  about  10  percent  by  increasing  streak  height 
from  1/2  or  5/8  inch  to  3/4  inch.  The  necessity  for  chipping  out  of  the 
acid-killed  tissue  above  the  face  is  emphasized. 


LARSON,    P.    R. 

Shoulder  of  face  produces  most  gum.     AT-FA  Jour.    16(11):  12, 

Twice  as  much  gum  was  obtained  from  the  shoulders  of  the  face  as  from 
the  center  of  the  face.     Hence,    large  quantities  of  gum  will  be  lost  if  tins 
do  not  extend  under  the  entire  face. 

LARSON,    P.    R. 

Winter  chipping  can  be  profitable.     AT-FA  Jour.    17(2):  12.     Also  in 
Naval  Stores  Rev.    64(7):  19. 

Chipping  at  triweekly  intervals  during  the  winter  following  either  the  first 
or  second  year  of  work  was  barely  profitable.     No  decline  in  gum  yield 
occurred  during  the  regular  seasons  following  winter  chipping. 

LARSON,   P.   R. 

Labelling  and  storing  increment  cores.     Jour.  Forestry  52(4):  252. 

Suggests  using  large -sized  malted  milk  straws  as  individual  containers 
for  cores. 

LITTLE,    E.   L.,    Jr.,    and  DORMAN.   K.   W. 

Slash  pine  (Pinus  elliottii)  including  South  Florida  slash  pine,  nomenclature 
and  description.     Southeast.  Forest  Expt.  Sta.  Paper  36,   82  pp. 

A  report  on  botanical  basis  for  a  recent  change  in  scientific  nomenclature. 

LOTTI,   T. 

Temporary  tree  marking.     Jour.  Forestry  52(2):  130-131. 

Kaolin  or  marble  dust  for  the  temporary  (sock)  marking  of  trees  is 
preferable  to  lime  because  less  irritating  to  workers. 

McCLAY,    T.   A. 

Lumber  grade  yields  in  the  loblolly-shortleaf  pine  type  by  the  southern 
pine  log  grades.     Southeast.  Forest  Expt,  Sta.  Paper  37,    12  pp. 

Mill-scale  studies  show  quality  indices  for  pine  logs  and  lumber  grade 
recovery  percentage  by  log  size  and  grade. 

McCLAY,    T.   A. 

Loblolly  pine  topwood  volumes.     Southeast,  Forest  Expt.  Sta.  Research 
Note  61. 

Top  volume  per  tree  and  per  M  board-feet  from  trees  of  different  sizes 
is  given  for  various  limits  of  utilization. 


McCORMACK,    J.    F. 

Forest  statistics  for  North  Central  and  North  Georgia,    1953.     Southeast. 
Forest  Expt .  Sta.  Forest  Survey  Release  42,    31  pp. 

Forest  area,    timber  volume,    growth,    and  timber-cut  statistics  and  trends 
in  timber  volunie. 

McCORMACK,    J.   F.,    and  CRUIKSHANK,    J.    W. 

Forest  statistics  for  Georgia,    1951-53.     Southeast.  Forest  Expt.  Sta.  Forest 
Survey  Release  44,    77  pp. 

Forest  area,    timber  volume,    growth  and  timber-cut  statistics,    and  trends 
in  timber  volume. 

McGregor,  w.  h.  d. 

Flatwoods  farm  woodland  improvement  pays.     Agr.  Ext.  Serv.  ,  Univ. 
Florida,    Cir.    125,    11  pp. 

Substantial  improvement  in  growth,    stocking,    gum  yields,    and  stand 
composition  achieved  in  10  years. 

McGregor,  W.  H.  D.,   cowan,    D.  R.  ,   and  spurr,  s.  h. 

Three  races  of  scotch  pine  compared  in  southeastern  Michigan,    U.   of  Mich., 
Dept.   Forestry,    Michigan  Forestry  No.  5,    2  pp. 

The  trees  from  northei^n  Europe  grow  more  slowly  but  have  better  form 
than  those  from  central  Europe. 

MERGEN,   F. 

Grafting  succulent  slash  pine  scions.     Southeast.  Forest  Expt.  Sta.  Research 
Note  59. 

The  discovery  that  scions  can  be  grafted  in  the  succulent  stage  promises  to 
prolong  the  grafting  season  by  several  months. 

MERGEN,   F. 

Variation  in  2-year-old  slash  pine  (P.   elliottii  var.   elliottii)  seedlings. 
Southeast.  Forest  Expt.  Sta.  Research  Note  62. 

Survival  of    seedlings  from  all  five  geographic  seed  sources  in  Florida  was 
high,   but  the  growth  of  one  from  Polk  County  was  low. 

MERGEN,   F. 

Self-fertilization  in  slash  pine  reduces  height  growth.     Southeast.  Forest 
Expt.  Sta.  Research  Note  67. 

Self-pollination  tends  toward  poor  seed  set,    low  germination,    reduced 
vigor,   deformed  growth,   retarded  flowering,  or  some  degree  of  albinism. 


MERGEN,    F. 

Heteroplastic  micrografting  of  slash  pine.     Southeast.  Forest  Expt.  Sta. 
Paper  47,    17  pp. 

A  project  in  grafting  1-  to  6-month-old  slash  pine  seedlings  onto  other 
coniferous  species  such  as  white  spruce,   white  pine,   ponderosa  pine,   and 
others. 

MERGEN,   F. 

Improving  the  early  growth  of  longleaf  pine.     Naval  Stores  Rev.  64(3): 
12,    13,    21.     Also  InForest  Farmer  13(11):  8,  9,   16,   17. 

Some  261  slash -longleaf  pine  hybrids  have  been  produced  for  possible  use 
in  reforestation  of  dry  sites. 

MERGEN,   F. 

Vegetative  propagation  techniques  for  genetics  studies  of  slash  pine  (Pinus 
elliottii,  Engelm.).  American  Soc  Plant  Physiologists.  Program  for  the 
29th  Annual  Meeting,   pp.  6-7. 

Review  of  technics  covered  in  more  detail  in  other  publications. 

MERGEN,   F. 

Mechsuiical  aspects  of  wind-breakage  and  windfirmness.     Jour.  Forestry 
52(2):  119-125. 

Crown  thinning  and  early  improvement  cuttings  increase  the  exposure  of 
young  stands  to  wind  pressure;  in  response  the  trees  become  more  wind- 
firm --less  susceptible  to  storm  damage. 

MERGEN,   F. 

Inheritance  of  oleoresin  yield  in  slash  pine.     AT-FA  Jour.    17(2):  16-18. 
Also  in  Naval  Stores  Rev.   64(9):  8,   9,   20. 

A  test  of  the  progeny  from  parent  trees  selected  for  high  gunn  production 
showed  that  gum  yielding  ability  is  inherited. 

MERGEN,   F.,    and  HOEKSTRA,    P.   E. 

Germination  differences  in  slash  pine  from  various  sources.     South. 
Lumberman  189(2364):  62,   64,    66. 

Real  differences  are  indicated  in  seed  characteristics  from  collections 
in  different  locations. 

MERGEN,   F.,   and  POMEROY,   K.  B. 

Tree  improvement  research  at  Lake  City,   Fla.   Research  Center,   a  project 
analysis.     Southeast.  Forest  Expt.  Sta.  Paper  45,    59  pp. 

Superior  attributes  sought  are  rapid  growth,   disease  resistance,  better 
stem  form,   and  improved  grain  or  density  of  wood. 


MERGEN,    F.,    and  POMEROY,    K.    B. 

Suggestions  for  better  slash  pine  seed.     Foi'est  Fanner  13(5):  6-7,    15. 

Directions  for  selection  and  reservation  of  trees  capable  of  producing 
superior  seeds  in  quantity. 

MERGEN,    F.,    and  ROSSOLL,    H. 

How  to  root  and  graft  slash  pine.  Southeast.  Forest  Expt.  Sta.  Paper  46, 
22  pp. 

A  graphic  exposition  of  new  technics  for  asexual  propagation  of  pines 
useful  as  breeding  stock  (45  drawings). 

MERKEL.    E.   P. 

Southern  pine  beetle  conditions  in  western  North  Carolina  and  eastern 
Tennessee.     Southeast,  Forest  Expt.  Sta.  Forest  Pest  Survey  Report  1. 

Survey  shows  46,  000  trees  on  155  acres  are  currently  infested. 

MERKEL,    E.    P. 

Southern  pine  beetle  conditions  on  the  Cherokee  National  Forest  and 
adjoining  private  lands.     Southeast.  Forest  Expt.  Sta.  Forest  Pest  Survey 
Report  2. 

Survey  shows  7,  100  trees  are  currently  infested  with  beetles  and  in  need 
of  treatment. 

MERKEL,    E.   P. 

The  pine  needle  miner  on  the  North  Carolina  National  Forests.     Southeast. 
Forest  Expt.    Sta.  Forest  Pest  Survey  Report  3. 

An  infestation  of  pine  needle  miner  occurred  on  over  1,  000  acres  along 
the  crest  of  Linville  Mountain. 

MERKEL,    E.   P. 

Fall  cankerworm  conditions  in  the  southern  Appalachian  Mountains. 
Southeast.  Forest  Expt.  Sta.  Forest  Pest  Survey  Report  5.     Also,   with 
title  Fall  cankerworm  conditions.    South.    Lumberman  189(2364):  34-35. 

Heavy  defoliation  of  the  oak-hickory  forest  type  between  4,000-5,000  feet 
has  occurred  in  scattered  areas  of  the  southern  Appalachians  since  1952. 
Over  22,285  acres  heavily  defoliated  this  year. 

MERKEL,    E.   P. 

Southern  pine  beetle  conditions  in  western  North  Carolina  and  eastern 
Tennessee.     Southeast.  Forest  Expt.  Sta.  Forest  Pest  Survey  Report  4. 

A  total  of  65,200  trees  are  currently  infested  with  southern  pine  beetle. 
Average  cost  of  control  is  $1,50  per  tree. 


METZ,    L.    J, 

Forest  floor  in  the  piedmont  region  of  South  Carolina.     Soil  Sci.  Soc,  Amer. 
Proc.    18(3):  335-338  . 

Reports  annual  litter  fall,   weight  of  forest  floor,   and  soil  organic  matter 
for  forest  stands  in  the  South  Carolina  Piedmont. 

MILES,    E.   E.,   and  HOEKSTRA,    P.   E. 

Tree  climbing  safety  hint.     Jour.   Forestry  52(7):  526-527, 

Swedish  ladder  improved  by  addition  of  a  spring  to  hold  chain  safely  in 
lock  hook  at  all  times. 

MILLER,   J.   H.,    CAMPBELL,    W.   A.,   and  THOMPSON,   G.   E. 

Diseases  and  insects  affecting  the  commonly  planted  trees  and  shrubs  in 
Georgia.     Plant  Dis.   Rptr.    38(5):  362-369. 

A  list  of  commonly  planted  trees  and  shrubs  in  Georgia  with  notes  on  some 
of  the  diseases  and  insects  that  may  affect  them.. 

NELSON,   T.   C,   and  JOHNSON,   E.   A. 

Applying  unit  area  control  to  watershed  management.     Jour.  Forestry 
Note  52(2):  130. 

The  integration  of  timber  and  water  production  in  forests  now  being 
converted  from  an  unmanaged  to  a  managed  condition. 

OLSON,   D.  F.,  Jr.,   COOPER,    R.   W. ,   SANDS,   N.   E.,   and  KROCK,   S. 

Drainage  can  create  new  slash  pine  sites.     South.  Lumberman  189(2369): 
112-114. 

Removal  of  surface  water  from  poorly-stocked  cypress  ponds   insures 
slash  pine  reproduction  where  the  seed  source  is  adequate  and  vegetative 
competition  light. 

OLSON,   D.  F.,   Jr.,   and  HOOVER,   M.   D. 

Methods  of  soil  moisture  determination  under  field  conditions.     Southeast. 
Forest  Expt.  Sta.  Paper  38,    38  pp. 

Describes  ways  of  determining  soil  moisture  in  the  field  with  particular 
reference  to  methods  used  at  the  Piedmont  Research  Center. 

OSTROM,   C.   E.,   and  HEIBERG,   S.  O. 

Large-scale  tests  in  silvicultural  research.     Jour.  Forestry  52(8):  563-567. 

A  Soc.  Am.  For.  committee  report  on  the  need  for  and  nature  of  large-scale 
tests  now  used  for  both  research  and  demonstrations  of  management. 


PERKY,    J.    H. 

A  scrape-box  apron  for  reducing  loss  of  scrape.     AT-FA  Jour.    16(9):   12. 

Consti-uction  details  are  sliown  foi-  a  new  type  of  scrape  box. 

POMEROY,    K.   B. 

Better  trees  for  tomorrow.     Fla.  Grower  and  Rancher  17(2):  12,    34. 

General  review  of  the  possibilities  of  improvement  of  southern  pine  trees 
through  genetic  research. 

POMEROY,    K.   B. 

Time  is  money.     AT-FA  Jour.    16(6):   11-12. 

An  appeal  to  gum  producers  to  follow  the  example  of  their  leaders  in 
adopting  modern  turpentining  methods  which  reduce  labor  requirements 
and  increase  profits. 

POMEROY,    K.   B. 

Progress  at  the  Lake  City  Research  Center.     Naval  Stores  Intn'l  Yearbook, 
pp.    63-66. 

A  report  on  research  activities  during  the  past  year  with  emphasis  on 
naval  stores. 

POMEROY,   K.   B. 

Crystal  gazing  in  gum  naval  stores.   AT-FA  Jour.    16(10):  8.     Also,    with 
title  Looking  ahead  with  naval  stores.   Forest  Farmer  13(12):  14,    18. 

A  look  into  the  future  when  turpentining  can  be  done  in  orchards  of  high 
yielding  slash  pine. 

POMEROY,    K.   B.,    and  MERGEN,    F. 

Better  forests  a  reality.     National  Container  Digest  8(4):  5. 

Describes  the  establishment  of  an  86-acre  slash  pine  seed  orchard  near 
Lake  Butler,   Florida,   by  the  National  Container  Corp. 

ROTH,    E.    R. 

Spread  and  intensification  of  the  little  leaf  disease  of  pine.     Jour.  Forestry 
52(8):  592-596. 

Describes  a  study  of  the  intensification  of  littleleaf  on  thirty-one  4/10-acre 
plots  and  of  spread  of  the  disease  on  five  areas  larger  than  800  acres  during 
the  period  1940-1951. 


ROTH,    E.    R.,    and  HEPTING,   G.   H. 

Eradication  and  thinning  tests  for  Nectria  and  Strumella  canker  control  in 
Maryland.   Jour.   Forestry  52(4):  253-256. 

Attempts  to  reduce  subsequent  cankering  by  eradication  of  Nectria  and 
Strumella  cankered  trees  four  times  over  an  18-year  period  proved  to  be 
unnecessary  against  Nectria  and  ineffective  against  Strumella. 

RUMMELL,    R.   S. 

Native  grasses  are  studied.  Fla.  Cattleman  and  Livestock  Jour.  19(2):  30-31. 

Reports  the  collection  of  354  specimens  of  forage  plants  palatable  to  cattle 
on  south  Florida  native  ranges,   including  a  record  of  two  rare  grasses 
unique  to  south  Florida, 

RUMMELL,    R.   S. 

Timber  and  grazing  to  be  studied.  Fla.  Cattleman  and  Livestock  Jour.  18(12): 
62.  Also,   with  title  Research  on  native  range,   Fla.  Grower  and  Rancher 
LXII(12):  16. 

Southeastern  Station  plans  for  a  program  of  range  management  research  in 
south  Florida. 

SCHOPMEYER,    C.   S. 

Labor  requirements  for  working  turpentine  faces  reduced  one -third  by 
modern  methods.     AT-FA  Jour.    16(6):  6.     Also,   with  title  Labor  require- 
ments for  working  turpentine  faces.  Naval  Stores  Rev.   64(1):  17,    18. 

Man-hour  requirements  for  each  major  job  in  conducting  a  naval  stores 
operation  are  presented  for  both  wood  chipping  and  bark  chipping. 

SCHOPMEYER,    C.   S. 

Acid-treatment--the  chipper's  helper.     AT-FA  Jour.    16(8):   10. 

Explains  how  sulfuric  acid  prolongs  gum  flow. 

SCHOPMEYER,    C.   S. 

Gum  naval  stores  industry- -present  and  future.  Naval  Stores  Rev,  64(5): 
8,  9,  20-22,  Also,  with  title  Larger  trees  needed  for  turpentining,  AT-FA 
Jour.    16(10):  16. 

This  economic  study  of  the  present  and  future  potential  production  of  gum 
naval  stores,   wood  naval  stores,   and  tall  oil  indicates  a  bright  future  for 
gum  naval  stores  if  production  costs  are  held  down  by  universal  adoption  of 
modern  methods. 

SCHOPMEYER,    C.   S, 

Relationship  between  oleoresin  yields  and  growth  of  naval  stores  pines.  (Abst.  ) 
Program  for  29th  Annual  Meeting  Amer,  Soc.   Plant  Physiologists,   p,    19. 

Predicting  gum  yields  from  tree  measurements. 


SCHOPMEYER.    C.   S. 

Small  multiple  faces  vs.   single  faces.     AT-FA  Jour.    16(11):    14.     Also  in 
Naval  Stores  Rev.    64(6):   13. 

Gum  yields  per  tree  from  small  multiple  faces  were  not    appreciably 
greater  than  yields  from  a  single  face  when  the  total  face  width  per  tree 
was  the  sanne  in  both  methods. 

SCHOPMEYER.    C.   S.  ,    and  LARSON.    P.    R. 

Gum  yield  tables  for  slash  and  longleaf  pine  on  poorer  than  average  sites. 
Southeast.  Forest  Expt.  Sta.  Res.  Note  69. 

Predicting  gum  yields  from  tree  measurements. 

SCHOPMEYER,    C.   S.,    and  LARSON,    P.   R. 

Predicting  gum  yields  from  tree  measurements.     AT-FA  Jour.    17(1): 
8-9.     Also  in  Naval  Stores  Rev.   64(7):  10,    11,    17. 

The  relationships  of  gum  yields  to  tree  diameter,    crown  size,    and  growth 
rate  are  given  for  slash  pine  and  longleaf  pine  worked  with  bark-chipping 
and  treated  with  sulfuric  acid. 

SCHOPMEYER,    C.   S.  .    MERGEN,   F.,   and  EVANS,    T.   C. 

Applicability  of  Poiseuille's  law  to  exudation  of  oleoresin  from  wounds  on 
slash  pine.     Plant  Physiology  29(1):  82-87. 

Gum  flow  in  a  random  sample  of  12  slash  pine  trees  was  shown  to  be 
proportional  to  the  number  of  radial  resin  ducts  per  unit  area  multiplied 
by  the  average  size  of  the  ducts  divided  by  the  viscosity  of  the  gum. 

SHEPHERD,    W.   O. 

Grazing  longleaf-slash  pine  forests.     Southeast.  Forest  Expt.  Sta.  Research 
Note  49. 

Summary  of  USDA  Cir,   928  reporting  results  of  a  5-year  study  with  breeding 
cows  run  during  spring  and  summer  on  native  range  and  subjected  to  four 
different  systems  of  fall  and  winter  management. 

SHIPMAN,    R.   D. 

Pine  release  by  various  weeding  methods.     South.   Lumberman  189(2369): 
125-126,    Also,    with  title  Release  of  loblolly  pine  by  various  weeding  methods. 
Southeast.   Forest  Expt.  Sta.  Research  Note  65. 

On  the  Santee  Experimental  Forest  3-year  seedlings  were  satisfactorily 
released  with  a  machete  at  half  the  cost  of  chemical  weeding. 


SMITH,    R.   H. 

Studies  in  the  control  of  the  black  turpentine  beetle  in  southern  pine. 
(Abs.)  Assoc.   South.  Agr.  Workers  Proc.   51:100. 

Results  of  tests  with  toxic  penetrating  oil  and  phytocides  to  control  the 
black  turpentine  beetle  in  stumps. 

SMITH.    R.   H. 

Benzene  hexachloride  controls  black  turpentine  beetle.     South.   Lumberman 
189(2369):  155-157. 

Benzene  hexachloride  in  fuel  oil  is  effective  in  preventing  black  turpentine 
beetle  attacks . 

SMITH,   R.  H. 

A  leaf-chewing  beetle  causes  cypress  foliage  to  discolor  in  mid-summer. 
Southeast.  Forest  Expt.  Sta.  Research  Note  70.    Also,   with  title  Cypress 
foliage  discolored  by  beetle.   South.  Lumberman  189(2369):  171-172. 

Feeding  by  a  small  leaf-chewing  beetle  was  determined  as  the  cause  of 
mid-summer  discoloration  of  cypress  foliage. 

SMITH,    R.   H.,   and  MERGEN,   F. 

Pityophthorus  pulicarius,   a  bark  beetle  attacking  scions  of  grafted  slash 
pine.     Southeast.  Forest  Expt.  Sta.  Research  Note  64.     Also,   with  title 
A  bark  beetle  attacking  scions  of  grafted  slash  pine.   Jour.  Forestry  52(11): 
864-865. 

Scions  of  slash  pine  bottle-grafts  at  Lake  City,  Florida,  were  killed  by  a 
small  bark  beetle.     Grafts  from  one  particular  tree  were  100  percent 
successful. 

SNOW,   A.   G.,   Jr. 

Progress  in  the  development  of  efficient  turpentining  methods.     Southeast. 
Forest  Expt.  Sta.  Paper  32,    35  pp. 

A  comprehensive  report  on  results  of  individual  experiments  on  turpentining 
methods . 

SOUTHEASTERN  Forest  Experiment  Station 

Annual  Report  for  1953.    Southeast.  Forest  Expt.  Sta.  Paper  34.     70  pp. 

SUMAN,   R.  F. 

Initial  fertilizer  applications  key  to  clover  establishment  on  forested  coastal 
plain  soils.     Agronomy  Jour.  46(5):  241.     Also,   with  title   Louisiana  white 
clover  responds  best  to  fertilizer  applied  at  seeding  time,   in  What's  New  in 
Crops  and  Soils  6(8):  32. 

Yields  of  white  clover  planted  on  cut -over  forest  land  were  increased  as 
much  as  35  percent  by  applying  all  fertilizer  at  seeding  time  rather  than  in 
split  applications  over  the  growing  season. 


SUMAN,    R.   F. 

Firebreaks  that  pay  their  way.     The  Forest  Farmer  13(9):  4-5,    14,    16. 

Tells  how  to  construct  firelanes  in  slash  pine  forests,   recommends 
forage  species  to  use  on  them  and  evaluates  firelanes  from  grazing  and 
fire  protection  standpoints. 

SUMAN,    R.   F.,    and  CARTER,    R.   L. 

Burning  and  grazing  have  little  effect  on  chemical  properties  of  Coastal 
Plain  forest  soils.     Southeast.  Forest  Expt.  Sta.  Research  Note  56. 

After  8  years  of  grazing  and  several  rotations  of  winter  burning,   soil 
organic  matter,   phosphate,   and  potash  were  practically  the  same  as  for 
ungrazed  unburned  areas. 

TODD,    A.   S.,   Jr. 

Trends  in  the  price  of  southeastern  pine  pulpwood.  Southeast.  Forest 
Expt.  Sta.  Research  Note  46. 

Two  price  series  for  pine  pulpwood- -one  for  wood  f.o.b.   railroad 
cars,   the  other  for  all  wood  purchased.     Prices  given  for  each  year 
1938  through  1952  . 

TROUSDELL,   K.   B. 

A  comparison  of  two  systems  of  measuring  stocking  of  loblolly  pine 
seedlings.     Southeast.  Forest  Expt.  Sta.  Research  Note  48. 

A  formula  is  presented  for  translating  the  results  by  one  method  to  those 
of  another. 

TROUSDELL,   K.   B. 

Peak  population  of  seed-eating  rodents  and  shrews  occurs  1  year  after 
loblolly  pine  stands  are  cut.     Southeast.  Forest  Expt.  Sta.  Research  Note  68. 

Major  interference  with  reproduction  comes  first  from  predators  which  may 
consume  25  percent  of  the  viable  seedfall. 

TROUSDELL,   K.   B. 

Released  pines  take  over  hardwood  areas,     Virginia  Forests  9(5):  14. 

Four  years  after  liberating  12 -inch  loblolly  pines  from  overtopping  by  a 
worthless  hardwood,   they  were  10  feet  high  and  over  3  times  as  tall  as 
those  not  released. 

TROUSDELL,   K.   B. 

Favorable  seedbed  conditions  for  loblolly  pine  disappear  3  years  after 
logging.     Jour.  Forestry  52(3):  174-176. 

Site  preparation  must  be  timely;  first  year  is  best.     In  the  second  year 
3  to  5  times  as  many  seeds  are  needed,   and  the  third  year  may  be  too 
late  for  good  regeneration. 


WENGER.   K.   F. 

The  stimulation  of  loblolly  pine  seed  ti-ees  by  pre -harvest  release.     Jour. 
Forestry  52(2):   115-118. 

Response  was  noted  in  the  third  and  fourth  years  after  release. 

WILLIAMS.   J.  G. 

A  study  of  the  effect  of  grazing  upon  changes  in  vegetation  on  a  watershed 
in  the  Southern  Appalachian  Mountains.     Jour.  Forestry  Note  52(11):  867. 

WOOLFOLK.    E.   J. 

Drought  proves  value  of  Southeastern  native  ranges.     South.   Lumberman 
189(2369):   183-184. 

Native  forest  ranges  in  South  Georgia  and  eastern  North  Carolina  held 
their  grazing  capacities  and  produced  good  livestock  gains  during  summer 
and  fall  1954,   the  driest  growing  season  on  record,   while  improved 
pastures  failed  completely. 

WORRELL,   A.   C.  ,   and  TODD,   A.  S.,   Jr. 

Mail  surveys  in  forestry  research.     Jour.   Forestry  52(3):  205-206. 

Advantages  and  disadvantages  of  mail  questionnaires  with  particular 
reference  to  the  problem  of  nonresponse. 

ZOBEL,   B.,    DORMAN,   K.   W.,    PERRY,    T..   GARIN,   G.  , 

and    WEISEHUEGEL.   E.  G. 
The  role  of  genetics  in  southern  forest  management.     Part  I,   Forest 
Farmer  14(1):  4-6,    14-15.     Part  II,   Forest  Farmer  14(2):  8,9,  14-19. 
Part  III,   Forest  Farmer  14(3):  8,9,  14,  15. 

I.  Environment  is  the  most  important  factor  in  tree  development  only 
within  definite  genetic  limits. 

II.  Seed  collection  for  forest  nurseries  must  be  from  the  most  favorable 
geographic  origin. 

III.  In  reserving  seed  trees  select  superior  individuals  in  so  far  as 
possible. 
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SOUTHEASTERN  FOREST  EXPERIMENT  STATION  .,o^.. 

Ashevil  le,  North  Carolina 

U.  S.  Department  of  Agriculture  -  Forest  Service 


To  find  ways  for  making  best  use  of  the  land  for  tree 
and  grass  production,    the  U.   S.   Forest  Service, 
thr-ough  its  Southeastern  Forest  Experiment  Station, 
has  under  way  a  cooperative  program  of  research  in 
forest  and  native  range  management.     Headquarters 
foi"  this  south  Florida  project  is  at  Fort  Myers.     The 
program  is  young.   Foi-est  management  reseai'ch  was 
started  in  1951;    range  management  research  began 
in  late  1953.     Public  agencies  cooperating  with  the 
Forest  Service  are  the  Florida  Agricultural  Experi- 
ment Station  and  the  Florida  Board  of  Forestry. 
Private  cooperators  include  the  Atlantic  Land  and 
Improvement  Company,    and  the  Collier  Enterprise. 
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COVER  PHOTO:  South  Florida  is  characterized  by  highly  diversified  land 
use.  One  million  acres  of  improved  pastures  and  9^  million  acres  of  cut- 
over  forest  land  and  prairie  provide  grazing  for  nearly  a  million  beef  cattle 
yearlong.  Vegetable  production  (center)  utilizes  one-quarter  million  acres 
annually.  Citrus  is  raised  on  about  one-half  million  acres  while  highways 
and  home  sites  occupy  another  half  million  acres.  Marshlands,  including 
the  Everglades,    cover  about  5|  million  acres. 


COOPERATIVE  FOREST  AND  RANGE 
MANAGEMENT  RESEARCH  IN  SOUTH  FLORIDA 

by 

O.   Gordon  Langdon  and  Robert  S.   Rummell 
South  Florida  Project, 
Fort  Myers,   Fla. 


INTRODUCTION 

The  Spaniards  depended  upon  native  grass  to  feed  their  cattle  when  they 
arrived  in  Florida  in  the  early  1500's.   Through  the  years  use  of  grass  for 
livestock  forage  and  trees  for  lumber  and  other  wood  products  has  continued. 
South  Florida's  original  forests  now  have  been  heavily  logged;  large  numbers 
of  beef  cattle  continue  to  graze  native  rangelands. 

With  increasing  population  and  an  increasing  demand  for  wood  and  beef, 
Florida's  native  forests  and  rangelands  must  be  managed  for  high,  sustained 
productivity.  This  goal  can  be  achieved  by  application  of  sound  management 
systems  developed  through  research. 

The  south  Florida  project  area  encompasses  17  million  acres,   or 
roughly  one-half  the  total  land  acreage  of  Florida,    extending  from  the 
vicinity  of  Orlando  and  Sanford  south  through  the  Everglades.     This  area  of 
30  counties  has  tremendous  possibilities  for  agricultural  development,   pro- 
vided the  land  is  wisely  used. 

Major  problems  in  forest  and  native  rangeland  management  facing 
landowners  in  south  Florida  are  presented  in  this  progress  report  along 
with  brief  discussions  of  results  of  current  studies. 


SOUTH  FLORIDA  IS  UNLIKE  OTHER  REGIONS  IN  THE  UNITED  STATES 
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Farms  are  carved  out  of  native  range  and  forest  land 


It  is  a  flat  to  gently  rolling  country  of   sandy  soils,    abundant  ponds  and 
marshes.    The  climate  is  subtropical  with  moderate  year-round  tempei-atures, 
high  rainfall  in  summer  and  low  in  winter.    Timber,   beef  cattle,    citrus  fruit, 
and  winter  vegetables  are  important  agricultural  crops.   In  parts  of  south 
Florida,   vegetables  are  raised  under  a  seminomadic  system,    known  in  some 
tropical  foreign  countries  as  "shifting  agriculture."    One  or  two  crops  are 
raised,    the  land  is  abandoned,   and  the  farmer  moves  on  to  new  land. 


Carrot-like  roots  of  the  seedling  and  growth  of  the  sapling  are 
the  most  characteristic  features  of  South  Florida  slash  pine. 


One  of  the  principal  trees  is  found  only  in  the  Florida  peninsula.    This 
tree,   the  South  Florida  slash  pine  (Pinus  elliottii  var.   densa),    was  recog- 
nized as  a  distinct  variety  of  slash  pine  in  1952. 
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^  Lopside  Indiangrass  is 
T  one  of  the  prominent 
grasses  beneath  open 
forest  stands  in  the 
wiregrass  type. 


Marshy  ranges  provide     |^ 
winter  grazing  for  some  ^ 
of  the  one  million  beef 
cattle  in  south  Florida  , 


Over  1,  000  different  kinds  of  range  plants  grow  on  a  wide  variety 
of  sites  from  forested  pinelands  and  wet  marshes  to  naturally  treeless 


prairies 


MOST  OF  SOUTH  FLORIDA'S  PINE  FORESTS  HAVE  BEEN  LOGGED 


oday  only  scattered 
ees  grow  on  vast  areas 
'  once  productive 
)nimercial  forest  land. 


Many  cutover  forest 
ranges  are  heavily 
grazed. 


South  Florida  has  8  million  acres  of  commercial  forest  land,   of 
which  nearly   75  percent  is  denuded  or  poorly  stocked  with  trees.   Most 
of  this  forest  land  is  grazed  by  beef  cattle. 


A  BASIC  QUESTION  IS  HOW  TO  MAKE  BEST  USE  OF  THE  FOREST-RANGELAND 
SHOULD  TREES  OR  GRASS  BE  THE  PRINCIPAL  PRODUCT? 
OR,  CAN  TREES  AND  GRASS  BE  PRODUCED  TOGETHER? 
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Cattle  graze  wiregrass  in  open  pine  forests 


Research  must  provide  the  facts  so  that  an  individual  landowner  can 
decide  which  alternative  is  most  profitable  and  best  fits  his  soils,    land  use, 
and  personal  preference  patterns. 

To  answer  this  fundamental  question,    separate  research  is  needed  in 
timber  production  and  in  range  management,    complemented  by  study  of 
inter-related  range  and  forestry  problems. 

The  following  material  pinpoints  the  major  problems  and  shows  how 
scientists  are  endeavoring  to  solve  them. 
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FOR  GREATEST  PRODUCTION^  FO 


MANAGED  THROUGH  CONTROL  (3F 


HARVEST  CUTS  THAT  PROVIDE 


REFORESTING  THE  PRESENT  D 


NDS  MUST  BE  PROPERLY 


FIRES,    TIMELY  THINNINGS,   AND 


IFOR  ADEQUATE  STAND  REPRODUCTION 
IN  ADDITION,    EFFICIENT  MEAN$  MUST  BE  SOUGHT  FOR  ARTIFICIALLY 
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NUDED  AND  POORLY  STOCKED  STANDS, 


SIGNIFICANT  PROGRESS  HAS  BEEN  MADE,  BUT  GAPS  EXIST  IN  OUR 


KNOWLEDGE  OF  PROPER  FOREST 

Some  of  these  gaps  are  highlighted  h 


MANAGEMENT  IN  SOUTH  FLORIDA 


ere  along  with  some  significant  findings 
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CAN  3-3/4  MILLION  ACRES  OF  THE  CUTOVER  FOREST  LAND 
IN  SOUTH   FLORIDA   BE   RESTOCKED  SUCCESSFULLY   BY 
PLANTING  OR  SFKnTNTn*? 


Typical  cutover  forest  land  in  south  Florida 


In  past  years,    reforestation  in  south  Florida  by  planting  and  direct 
seeding  was  generally  not  successful  because  of  poor  survival.     With 
recent  accelerated  interest  in  tree  planting,    research  was  concentrated  on 
this  problem.   Studies  have  centered  first  on  determining  why  seedlings 
died  and  then  in  developing  or  improving  techniques  to  increase  survival. 
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Nursery  studies  have  shown 
that  survival  of  seedlings,   as 
well  as  their  size  and  color, 
can  be  manipulated  by  nursery 
fertilization.   This  is  particu- 
larly evident  during  a  droughty 
year,    making  the  findings  even 
more  important. 


Lifting  nursery  stock  so  as  not 
to  strip  off  secondary  feeder 
rootlets  is  an  important  factor 
in  increasing  subsequent  sur- 
vival in  field  plantings. 
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Field  survival  has  been  found 
related  to  seed  size.   Screening 
seed  into  various  sizes  has 
proved  an  effective  way  of 
separating  seedlings  into  grades 
that  survive  better  in  field 
plantings.   These  results  point 
a^  to  a  new  method  of  grading. 
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Roots  are  pruned  on  experi- 
mental scale  in  seedbeds.     Other 
special  foliage  and  root  treatments 
are  also  being  tested.     These  are 
aimed  at  assuring  early  seedling 
establishment  by  stimulating  root 
growth  and  reducing  transpiration 
following  planting.     Root  pruning 
appears  to  be  a  very  promising 
method  for  stimulating  root  growth. 
Further  tests  are  being  made  to 
follow  up  this  lead  and  to  develop 
practical  techniques. 


Soil  moisture  and  ground- 
water levels  are  under  study  to 
determine  their  influence  on 
seedling  survival  and  growth.  . 

Soil  moisture  samples  are  taken 
periodically. 
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VARIOUS  TECHNIQUES  OF  PLANTING  AND  TIME  OF  PLANTING 
HAVE  BEEN  TESTED  FOR  THEIR  EFFECT  ON  SURVIVAL. 


Hand  planting 


I 


Techniques  or  methods  of  plant 

ing  are  of  consequence  only  as  they 

influence  planting  the  tree  correctly. 

The  seedling  must  be  set  firmly  in 

the  soil  at  the  right  depth,   with  the 

top  of  the  planting  slit  closed 

I 

completely.     The  best  time  to  plant 

in  south  Florida  is  late  fall  or  early     :^^/ 

[     . 
winter. 
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Machine  planting. 


WHAT  TREE  SPECIES  SHOULD  BE  PLANTED  IN  SOUTH  FLORIDA? 


South  Florida 
slash  pine? 


Common  slash  pine? 
Or  other  species  ? 


Choice  of  species  to  plant  must  be  based  on  ability  to  survive,   to  grow, 
and  to  resist  insect  and  disease  attack  under  prevailing  soil  and  climatic 
conditions.  For  most  large-scale  plantings  in  south  Florida,    the  pines  native 
to  a  particular  area  will  probably  be  the  preferred  species.   However,  useful 
and  adapted  exotic  trees  may  be  found  by  the  Florida  Forest  Service  through 
its  tropical  forestry  research  project. 

Basic  information  on  relative  survival  and  growth  is  being  obtained  for 
the  commercially  important  native  pines --longleaf,  loblolly,  common  slash, 
and  South  Florida  slash. 
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A  successful  4-year-old 
plantation  in  south  Florida. 


Results  of  this  research,   together  with  practical  experience  of 
progressive  landowners,   indicate  that  tree  planting  can  be  successful 
in  south  Florida  if  close  attention  is  paid  to  all  phases,   from  seeding  and 
fertilizing  the  nursery  beds  to  planting  the  seedling  in  the  field. 


HOW  CAN  THE  600,000  ACRES  OF  MATURE  STANDS  OF  TIMBER 
IN  SOUTH  FLORIDA  BE  CUT  TO  ASSURE  A  NEW  CROP  OF  TREES? 


Mature  stand  of  South  Florida  slash  pine. 


Many  harvested  stands  have  not  reproduced  adequately  in  the  past. 
Often  contributing  to  the  lack  of  reproduction  are  wildfire,    lack  of 
sufficient  seed,   poor  seedbed  conditions,   and  other  factors  of  more  local 
occurrence.   Research  needs  to  find  answers  to  such  important  questions 
as:  When  can  controlled  burning  be  used  and  under  what  conditions?     How 
many  seed  trees  should  be  left  as  an  adequate  seed  source  ?    What  are  the 
seedbed  requirements  for  satisfactory  germination  and  survival? 


Seed  traps  are  used  to  measure  seed  production,   and  seedlings 
are  counted  on  milacre  plots. 


Seed  production  records  for  the  first  2  years  of  a  5-year  cooperative 
study  show  a  wide  variation  from  year  to  year  in  amount  of  seedfall.     For 
example,   only  one  seed  fell  in  1953  for  every  100  which  fell  in  1952.     The 
number  of  seedlings  established  corresponded  to  this  seed  production.   About 
90  percent  of  total  seedfall  occurs  between  October  1  and  November  15.     If 
future  studies  reveal  that  seedbed  requirements  are  exacting,   timing  of  the 
harvest  cut  with  season  and  a  good  seed  year  may  be  necessary  to  obtain 
adequate  reproduction. 


WHAT  YIELD  CAN  BE  EXPECTED  FROM  FORESTS  AT  VARIOUS 
AGES,   STAND  DENSITIES,   AND  SITE  CONDITIONS  FOUND  IN 
SOUTH  FLORIDA? 


Nil^ljlg^ 


About  one  hundred  pei-inanent  plots  will  be  established  to  obtain 
estimates  of  expected  yields. 


Making  estimates  of  expected  yields  is  of  considerable  interest  to  the 
forest  landowner.     For  the  pines  growing  in  south  Florida,    little  is  known 
about  expected  yields,   when  and  how  heavily  to  thin  for  maximum  production 
of  pulpwood  or  sawlogs,   or  the  combined  effects  of  age,    stand  density,   and 
site  quality  on  yields.     A  study  is  being  undertaken,   in  cooperation  with 
many  forest  landowners,   to  find  answers  to  these  questions  for  the  range 
of  age,   stand  density,   and  site  conditions  encountered  in  the  region. 
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ROM  I^MLTHy  RANGE  IS  THE  GOA] 
A^fe  MANAGEMENT (R^sfe^RCH  BftilU^^  m  LaVe  1953.     BEFORE 


GREATER  PRODUCTION  OF  BE 


THt^^^d^L  9^AN  BE   AT^IWfcD,   A  NUMBER  OF  ifMPOBTANT  QUESTIONS 
MUST  ^iNSWfeED/    TIIe  RANGE  AND  ITS  VEpETATlbN  MUST  BE 


UNDERSTOOD;  EFFECTS^OF  DIFFERENT  RATES  OF  RANGE  STOCKING/ 
MUST  BE  EtVALUATED;  POSSIBILITIES  FOR  RAISING  tREES  AND  GRA/SS 

I       r  '^      J  J 

ON  THE  SAME  LAND  1V|UST  BE  EXPLORED.  SOME  ASPECTS  OF  IMPORTAN' 

/ 


RANGE  PROBLEMS  A^RE  OUTLINED  IN  THE  FOLLOWING  PAGES. 


:\\^fn/((/jii'/Ai  )ha^il}iVi'^   /. 
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WHAT  ARE  THE  GRAZING  CAPACITIES  OF  FLORIDA'S  NATIVE  RANGES? 


f-9^^^ 


Beef  cattle  of  Brahman  breeding  graze  native  range. 


Recent  authoritative  statements  indicate  that  one  of  Florida's  main 
range  problems  is  overstocking.     Information  must  be  obtained  through 
research  on  how  many  acres  are  needed  per  animal.     How  many  pounds  of 
herbage  the  range  produces  and  to  what  degree  the  important  plants  can  be 
safely  grazed  are  important  questions  needing  answer.     Since  season  of  use 
can  influence  range  productivity  and  grazing  capacity,    studies  need  to  be 
made  covering  different  grazing  periods. 


WHAT  ARE  THE  IMPORTANT  NATIVE  RANGE  PLANTS? 
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Many  kinds  of  shrubs 
grow  in  south  Florida. 


^i«^^ 


^  In  1954,    354  kinds  of 
^  plants  were  found  on 
which  cattle  had  grazed. 
One  hundred  forty-seven 
of  these  were  grasses. 


Specimens  of  forage  plants  have  been  collected,   identified,    and  placed 
in  an  herbarium  for  reference.   Further  study  is  needed  to  sort  out  the  most 
important  range  plants  and  to  learn  how  they  react  to  different  degrees  of 
grazing.     Nutritive  values  of  the  plants  must  be  determined  for  different 
seasons  of  the  year. 
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WHAT  ARE  THE  LONG-TIME  EFFECTS  OF  FIRE  ON  THE  RANGE? 
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Grass  on  this  burned  wiregrass  range  was  eaten  to  the  ground  by- 
cattle  during  the  winter. 


Can  the  better  forage  plants  continue  to  grow  vigorously  if  burned  off 
every  year  or  so?     Since  range  burning  has  been  a  common  practice  on 
Florida's  rangelands  for  hundreds  of  years,   the  existing  forage  plants 
probably  are  the  ones  which  can  withstand  fire.     However,   preliminary 
observations  show  that  some  of  the  plants  which  cattle  prefer  are  less 
abundant  where  promiscuous  burning  has  occurred.     Perhaps  the  desired 
forage  plants  can  be  encouraged  through  an  improved  burning  system. 
Study  is  needed  to  learn  whether  this  is  true. 


HOW  PRODUCTIVE  ARE  FORESTED  RANGES  FOR  GRAZING  BEEF  CATTLE*? 


Kinds  and  amounts  of  forage  plants  are  determined  on  a  forested  range. 


What  relationships  exist  between  forage  quality  and  the  quantity  and 
density  of  trees?     South  Florida  has  thousands  of  grazed  acres  on  which 
slash  pines  also  are  being  grown  for  timber  production.     As  the  timber 
stand  matures,   what  happens  to  the  range  vegetation  and  its  nutritive  value? 
How  much  forage  and  beef  can  be  produced  on  ranges  with  different  densities 
and  volumes  of  trees?     At  what  age  and  density  of  trees  does  grazing  cease 
to  pay  on  forested  lands?    Is  grazing  harmful  to  timber  stands?     Answers  to 
these  questions  are  important  in  determining  how  trees  and  grass  can  be 
produced  together. 
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CAN  UNDESIRABLE  PLANTS  BE  CONTROLLED  THROUGH 

RANGE  MANAGEMENT? 


Saw  palmetto  crowds  out  good  forage  plants. 


On  thousands  of  acres  of  Florida's  rangelands  saw  palmetto  grows 
abundantly.     While  it  provides  some  forage,   especially  when  recently 
burned  or  on  ranges  used  in  conjunction  with  improved  pasture,    its  forage 
value  is  not  high.   How  can  saw  palmetto  and  other  undesirable  plants  be 
controlled  or  eliminated?     Will  improved  management  do  the  job?     What 
about  fire?     Ranchers  have  been  burning  saw  palmetto  ranges  for  many 
years  with  indifferent  success.     Will  a  planned  burning  program  aid  in 
removing  saw  palmetto? 
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HOW  CAN  TREELESS  PRAIRIE  RANGES  BE  MANAGED  TO  CONTRIBUTE 
MORE  SUBSTANTIALLY  TO  THE  BEEF  CATTLE  INDUSTRY? 
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South  Florida  has  1.5  million  acres  of  naturally  treeless  rangelands. 


Ways  are  needed  for  improving  forage  quality  through  manipulation  of 
grazing  seasons,   burning  practices  or  other  management  techniques  on  the 
treeless  prairie  ranges.     Good  management  systems  developed  for  forested 
or  cutover  rangelands  may  also  prove  useful  on  the  treeless  prairies. 
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Landowners  like  John  Norman, 
Okeechobee  County,     can  profit  by 
answers  to  forest  and  native  range 
problems.     Scientists  of  the  U.   S. 
Forest   Service   and  the   State   of 
Florida  are  working  to  provide  the 
answers   through  a   cooperative 
program   of  forest   and   range 
management  research  in  south 
Florida. 
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INTRODUCTION 


Hundreds  of  fire  danger  stations  are  located  in  the  Eastern  and 
Southern  United  States.  Records  from  these  stations  have  "been  fo\ind  in 
many  ways  to  be  very  useful  guides  in  the  highly  technical  job  of  fire 
control.  But  if  reliance  is  to  be  placed  on  the  records,  and  the  best 
use  is  to  be  made  of  danger  measurements,  they  must  be  taken  at  properly 
located  stations,  instruments  must  be  kept  in  good  operating  condition, 
and  observers  must  be  trained  to  take  and  record  measurements  accurately. 

Much  emphasis  is  placed  on  close  adherence  to  standards  of  location 
and  operation.  If  not  observed,  the  relative  weights  given  to  the  several 
variables  on  the  meters  will  no  longer  apply  and  results  will  be  erroneous. 

The  purpose  of  this  paper  is  to  summarize,  in  one  convenient  place, 
standards  for  locating,  maintaining,  and  operating  danger  stations  that 
have  been  established  according  to  the  system  developed  by  the  Southeastern 
Forest  Experiment  Station.  Much  of  the  information  contained  in  the  paper, 
and  certain  details  of  operation,  here  omitted,  will  be  found  in  the  follow- 
ing publications: 

Jemison,  George  M.,  Lindenmuth,  A.  W.,  and  Keetch,  J.  J. 
19^9*  Forest  fire-danger  measurement  in  the  Eastern 

United  States.   USDA  Agrlcultiire  Handbook  No.  1 

Lindenmuth,  A.  W.,  Jr.,  and  Keetch,  J.  J. 

1949.  Open  method  for  measuring  fire  danger  in  hardwood 
forests.   Southeastern  Forest  Expt.  Sta.  Tech. 
Note  No.  71. 

Keetch,  John  J. 

1954.  Instructions  for  using  forest  fire  danger  meter 
type  8.   Southeastern  Forest  Expt.  Sta.,  Station 
Paper  No.  33- 

This  paper  is  written  primarily  for  those  who  have  the  responsibility 
of  supervising  danger  station  operation,  but  it  is  hoped  that  it  will  also 
be  of  value  to  those  who  take  and  record  danger  measurements. 


WOODS  VERSUS  OPEN  STATIONS 

In  planning  new  stations  or  in  relocating  old  ones,  the  question 
usually  arises  whether  to  establish  an  open  or  woods  type.   If  instruc- 
tions are  followed,  both  will  give  comparable  records.   The  open  station 
has  a  number  of  advantages  in  that  woods  sites  change,  whereas  the  same 
degree  of  shading  and  wind  exposure  can  be  readily  maintained  at  open 
stations.   This  greater  uniformity  is  an  advantage  particularly  where  com- 
parisons among  stations  are  wanted  or  where  records  are  grouped  to  obtain 
an  over-all  picture  of  the  fire  danger  situation.   There  is  more  certainty 
that  differences  are  real  rather  than  the  result  of  n on -conformance  with 
standards . 

Sometimes,  in  order  to  obtain  the  services  of  a  careful  and  consci- 
entious observer,  it  is  desirable,  or  even  necessary,  to  move  the  station 
to  the  observer  rather  than  the  reverse.   In  such  instances  a  satisfactory 
woods  site  may  be  difficiolt  or  impossible  to  find.   It  is  thus  a  distinct 
administrative  advantage  to  have  the  choice  of  two  types  of  exposure  in  ' 
selecting  locations. 

In  addition  to  the  fact  that  open  sites  which  meet  location  standards 
are  more  easily  found,  they  are  often  more  readily  accessible.  Facilitating 
the  ease  of  danger  measurement  can  mean  the  difference  between  good  and  OTily 
fair  records . 

For  the  reasons  mentioned,  our  preference  is  for  open  stations 
wherever  possible. 


HOW  MANY  STATIONS? 

There  can  be  no  specific  answer  to  the  question,  "How  many  danger 
stations  should  I  operate?".  Differences  in  topography,  weather,  fire 
occurrence,  size  of  administrative  divisions,  and  patterns  of  land  use 
are  the  major  variables  that  have  to  be  evaluated  before  a  sound  decision 
can  be  reached.  Basic  to  such  evaluation  are  maps  of  administrative  units 
differentiated  into  zones  of  weather,  fire  occurrence,  and  danger  measure- 
ments from  well  located  and  operated  stations.  Administrative  policy  is 
sometimes  a  governing  consideration.   Some  believe  that  placing  a  station 
in  each  administrative  subunit  or  political  subdivision  has  merit;  others 
are  content  with  a  more  widely  dispersed  network  of  stations. 

In  USDA  Handbook  No.  1,  one  station  was  suggested  for  150,000  acres 
in  the  mountains  and  one  per  300,000  acres  in  rolling  or  flat  country. 
This  is  a  good  general  standard  where  a  very  high  level  of  protection  is 
required.  Where  finances  will  only  permit  a  less  intensive  degree  of 
protection,  doubling  or  trebling  the  acreage  per  station  will  still  pro- 
vide a  fair  network  if  it  is  properly  operated. 

As  a  comparative  measure  of  spacing,  stations  equally  spaced  at 
10,  20,  30,  or  40  miles  apart  will  each  have  a  circular  coverage  of 
roughly  50,000,  200,000,  ^50,000,  and  800,000  acres  respectively. 
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Where  stations  are  widely  spaced,  It  is  doubly  in^jortant  that  they 
be  located  according  to  standards.  As  reliable  records  accumulate,  it 
becomes  possible  to  make  a  sound  comparison  of  one  station  with  another 
and  to  detennine  where  additional  stations  should  be  established  to  fill 
holes  in  the  network. 

Certain  key  stations  should  be  operated  throughout  the  year,  the 
niimber  depending  on  size  and  variability  of  the  area  to  be  covered.  Men 
in  charge  of  districts  will  thus  avoid  being  caught  unprepared  in  off- 
season fire  periods . 

Because  rainfall  is  the  most  important  single  variable  entering 
into  reduction  of  fire  danger,  the  value  of  a  station  can  be  considerably 
increased  by  supplementing  it  with  rain  gages  located  at  strategic  points 
in  the  measurement  area.   This  is  especially  true  during  fire  seasons  and 
where  stations  are  widely  separated,  and  during  periods  when  local  showers 
are  common. 


HOW  TO  SEIxECT  SITES  FOR  STATIONS 
AND  HOW  TO  INSTALL  EQUIPMENT 

Regardless  of  whether  an  open  or  woods  site  is  selected,  certain 
standards  must  be  met.   This  is  necessary  because  the  most  acc\irate  of 
observers  or  the  best  of  meters  will  most  certainly  not  counterbalance 
the  faults  of  a  poorly  located  station. 

Three  major  items  need  to  be  considered:  exposure  of  fuel  moisture 
sticks,  location  of  the  anemometer,  and  placement  of  the  rain  gage«  A 
fourth  item,  accessibility,  may  be  equally  important,  but  it  is  one  for 
which  specifications  cannot  be  written. 

Each  of  the  three  divisions  in  the  Southeast,  upper  coastal  plain, 
piedmont,  and  mountains,  presents  different  problems  in  station  location. 
For  that  reason  each  division  will  be  treated  separately. 

It  is  assumed  that  in  the  coastal  plain  and  piedmont  most  stations 
will  be  located  at  tower  sites,  principally  because  towennen  can  conven- 
iently take  danger  measurements  during  the  course  of  their  regular  jobs. 
Our  specifications  are  therefore  slanted  in  that  direction. 


UPPER  COASTAL  PLftIN 

Open  Stations 

Fuel  moistiore  sticks. --A  site  must  be  selected  which  is  not  shaded 
at  any  time  during  the  day  by  obstructions  such  as  trees,  buildings,  or 
towers.   Artificial  shade  must  be  provided  for  the  sticks  in  order  to 
approximate  forest  leaf  cover.  Also,  there  must  be  different  degrees  of 
shade  to  simulate  conditions  when  trees  are  leafless  and  when  they  are  in 
full  leaf.   This  is  accomplished  by  exposing  sticks  under  one  or  six  layers 
of  ik-   or  l6-mesh  screen.   In  the  spring  when  leaves  on  the  hardwood  trees 
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are  half  grown,  the  change  is  made  from  one  layer  to  six  layers.   In  the 
fall  when  half  the  hardwood  leaves  have  fallen,  the  change  is  made  from 
six  layers  to  one  layer. 

Screens  made  of  l4-  or  l6-mesh  copper  or  bronze,  36  inches  square, 
and  mounted  in  a  rigid  frame,  are  recommended.   The  sticks  should  be 
supported  on  wire  wickets  8  inches  above  a  layer  of  leaf  litter  k   inches 
thick,  and  k   inches  below  the  screen. 

Specifications  for  assembling  a  sturdy  frame  of  metal  will  be  f o\ind 
on  page  9  of  Technical  Note  No.  71.   Less  permanent  but  entirely  usable 
assemblies  can  be  made  of  wood  treated  with  pentachlorophenol  or  other 
preservative. 

Screens  should  be  kept  free  of  leaves  or  other  debris,  and  they 
should  be  restretched  or  replaced  when  they  become  sagged  or  damaged.   Grass 
or  weeds  should  be  clipped  periodically  for  a  distance  of  approximately  6 
feet  surrounding  fuel  beds .   The  litter  can  be  kept  in  place  by  a  square 
frame  of  2  x  4's  or  similar  material,  across  which  is  tacked  a  piece  of 
po\iltry  wire.  This  will  insure  an  even  litter  bed  of  the  required  depth. 

In  general,  sticks  should  be  placed  south  of  the  weighing  shelter, 
and  should  be  free  of  shadows  cast  by  fence  posts,  stumps,  or  other  objects. 

Anemometers . --Lookout  towers  are  convenient  structures  on  which  to 
moimt  anemometers.   There  is  no  difficulty  in  obtaining  the  proper  eleva- 
tion for  Instruments  and  they  are  easily  serviced.  Also,  a  wire  can  be 
stnang  from  the  anemometer  to  the  cab,  which  will  permit  a  reading  of  wind 
velocity  any  time  the  observer  chooses.   The  anemometer  should  be  securely 
attached  to  the  guard  rail  or  other  convenient  member  midway  between  the 
first  and  second  landings  below  the  cab,  provided  this  elevation  clears 
the  tree  canopy  by  50  feet  or  more.   If  not,  the  anemometer  will  have  to 
be  mounted  at  least  10  feet  above  the  cab.  Wind  speeds  at  such  elevations 
approach  those  at  airport  exposures  and  it^  therefore,  becomes  necessary 
to  convert  tower  velocities  to  open  station  velocities  according  to  table  1. 
The  table  has  not  been  thoroughly  tested,  but  it  is  the  best  we  can  present 
with  our  present  knowledge. 

If  the  anemometer  cannot  be  exposed  according  to  the  above  standards, 
it  then  becomes  necessary  to  erect  an  anemometer  according  to  the  following 
specifications . 

In  selecting  an  open  site,  try  to  find  one  having  a  radius  of  not 
more  than  10  times  the  height  of  surrounding  trees  or  buildings.  Also  try 
to  achieve  wind  balance.   For  example,  if  trees  on  one  side  of  the  field 
are  60  feet  tall  and  on  the  opposite  side  20  feet,  the  station  should  not 
be  equidistant  from  the  two  stands  but  closer  to  the  shorter  stand. 

The  basic  height  for  anemometers  at  open  stations  is  20  feet.   To 
this  figure  must  be  added  the  average  height  of  brush  or  other  ground 
cover,  and  a  correction  for  the  wind  obstruction  created  by  buildings  or 
forest  stands.   This  correction  can  be  figured  from  table  2.  Example : 
Assume  the  height  of  an  adjacent  stand  to  be  30  feet  and  that  a  convenient 
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site  for  the  anemometer  is  90  feet  distant.  Read  down  in  the  colimm  headed 
30  vmtil  opposite  the  figure  90  in  the  extreme  left  hand  margin.   The  proper 
height  of  the  anemometer  is  read  as  30  feet,  in  addition  to  whatever  allow- 
ance is  added  for  height  of  ground  cover.   The  proced-ure  can  he  reversed  to 
determine  the  distance  an  anemometer  should  be  erected  away  from  an  obstruc- 
tion, given  a  certain  anemometer  height.  A  description  of  a  suitable  ane- 
mometer mounting  and  mast  is  given  on  page  6  of  Technical  Note  No.  71.  How- 
ever, we  do  not  recommend  such  a  mast  mounting  for  heights  above  25  feet. 
Higher  mountings  require  a  tower  or  pole,  which  sho\ild,  of  course,   permit 
servicing  the  instrument. 

Table  1 . - -Conversion  of  wind  velocity  measured  at  fire  towers  to  the  open 
station  standard  wind  velocity  (table  ccmpiled  by  J.  J.  Keetch) 

(in  miles  per  hour) 


Tower 

Open  station 

Tower 

Open  station 

Tower 

Open  station 

velocity 

velocity 

velocity 

velocity 

velocity 

velocity 

0-1 

0 

27-28 

11 

52-53 

21 

2-3 

1 

29-31 

12 

3k--?6 

22 

k-6 

2 

32-33 

13 

57-58 

23 

7-8 

3 

3^^-36 

Ik 

59-61 

2k 

9-11 

h 

37-38 

15 

62-63 

25 

12-13 

5 

39-^1 

16 

6I+-66 

26 

lk-16 

6 

i^2-43 

17 

67-68 

27 

17-18 

7 

kk-h6 

18 

69-71 

28 

19-21 

8 

k7-kQ 

19 

72-73 

29 

22-23 

9 

1^9-51 

20 

74-76 

30 

2i+-26 

10 

Caution  must  be  used  in  establishing  stations  at  lookout  towers.   If 
it  is  possible  to  see  over  the  top  of  the  anemometer  cups  in  a  level  line  in 
all  directions  without  meeting  an  obstruction,  the  site  is  too  exposed  and 
will  give  too  high  wind  velocities.   This  difficiilty,  of  course,  does  not 
occur  where  the  anemometer  is  mounted  near  the  top  of  a  tower  and  where  wind 
speeds  are  converted  according  to  table  1. 

Rain  gages. --These  shoiiLd  be  firmly  mounted,  the  tops  should  be  level, 
and  they  should  be  placed  far  enough  away  from  obstructions  to  collect  the 
free  fall  of  precipitation.  A  ^4-5°  angle  from  the  top  of  the  gage  should 
clear  the  nearest  obstruction,  which  will  place  it  at  a  distance  at  least 
equal  to  the  height  of  the  obstruction.   Specifications  for  a  suitable  gage 
moiint  will  be  found  on  page  28  in  USDA  Handbook  No.  1. 
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Table  2. --Computations  for  anemometer  height  according  to  height  of  obstruc- 
tion and  distance  to  obstruction  (table  ccaiiplled  by  J.  J.  KeetchJ" 


(In  feet) 


Distance  to 
obstruction 
(Feet) 


Height  of  obstruct"' on 


10  ft. 


20  ft. 


30  ft, 


kO   ft, 


SO  ft 


60  ft, 


70  ft, 


10 

27 

37 

hi 

57 

67 

77 

-- 

20 

25 

3h 

kk 

53 

63 

Ik 

-- 

30 

23 

32 

41 

50 

6c 

70 

-- 

40 

22 

30 

39 

he 

58 

67 

77 

50 

21 

28 

37 

he 

55 

65 

Ik 

60 

20 

27 

35 

ip- 

53 

62 

72 

70 

-- 

25 

33 

k: 

51 

60 

69 

80 

— 

2i^ 

32 

ko 

k9 

58 

67 

90 

-- 

23 

30 

38 

kl 

55 

6k 

100 

-- 

22 

29 

36 

h5 

53 

62 

120 

-- 

21 

26 

33 

k2 

50 

59 

i4o 

-- 

20 

2k 

31 

39 

kS 

55 

i6o 

-- 

-- 

22 

28 

36 

43 

51 

180 

-- 

-- 

21 

26 

33 

ko 

k8 

200 

-- 

-- 

20 

2k 

30 

37 

45 

220 

-- 

-- 

-- 

23 

28 

3h 

42 

240 

-- 

-- 

-- 

22 

26 

32 

39 

260 

-- 

-- 

-- 

21 

25 

30 

37 

280 

-- 

-- 

-- 

20 

23 

28 

34 

300 

-- 

— 

— 

-- 

22 

26 

32 

350 

-- 

-- 

-- 

-- 

20 

23 

27 

4oo 

-- 

— 

-- 

-- 

-- 

21 

24 

i^50 

-- 

-- 

-- 

-- 

-- 

20 

21 

500 

—  - 

—  — 

—  - 

—  — 

— "" 

— — 

20 

Woods  Stations 

We  do  not  recommend  woods  stations  for  pure  pine  types  even  in  fairly 
open  stands.   This  is  because  fuel  moisture  sticks  will  receive  too  much 
shade  in  the  spring  and  fall  and  too  little  shade  in  the  summer.  Also,  pine 
stands  change  quickly  because  of  rapid  growth,  and  it  is,  therefore,  diffi- 
cult to  maintain  the  same  degree  of  expos\jre.  However,  if  a  woods  station 
is  desired  in  the  upper  coastal  plain  and  a  suitable  hardwood  site  is  avail- 
able, it  should  be  located  according  to  specifications  for  a  mountain  woods 
station. 


PIEDMONT 


Open  Stations 


Fuel  moisture  sticks. --Use  the  same  specifications  described  for 
open  stations  in  the  upper  coastal  plain. 
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Anemometers . --As  in  the  upper  coastal  plain,  most  danger  stations 
will  protably  be  at  lookout  tower  sites.   Because  these  are  invariably  on 
elevated  ground,  anemometers  should  not  be  mounted  near  the  top  of  the 
tower  as  was  recommended  in  the  coastal  plain.   If  the  tower  site  is  wooded, 
our  best  suggestion  is  to  select  a  point  on  the  tower  where  the  line  of 
sight  clears  the  top  of  the  forest  canopy  and  to  place  the  anemometer  30 
feet  above  this  point.   If  the  site  is  bare  or  has  only  shrubby  vegetation, 
place  the  anemometer  20  feet  above  the  average  height  of  the  grass  or  low 
vegetation  cover.   In  both  situations,  wind  converting  factors  in  table  1 
must  be  used. 

If  the  tower  site  is  relatively  flat  and  receives  an  average  amount 
of  wind,  the  specifications  on  pages  k-^   should  be  used. 

Rain  gages. --The  same  specifications  apply  as  for  any  rain  gage — 
a  location  which  assures  a  catch  of  rain  uninfluenced  by  any  obstruction. 

Woods  Stations 

Use  the  same  specifications  as  for  mountainous  areas. 


MOUNTAINS 

Open  Stations 

lyfeny  difficulties  can  be  avoided  if  sites  for  open  stations  are 
selected  in  broad  valleys  or  flat  country.   Exposed  peaks,  knolls,  gaps, 
narrow  valleys,  and  sheltered  spots  should  be  avoided.  Neither  shoxild 
sites  be  chosen  which  are  near  enough  to  lakes  or  streams  so  that  fuel 
moisture  sticks  would  be  affected.   The  open  site  should  not  be  too  large. 
Airports,  for  example,  are  too  open. 

Fuel  moistijire  sticks. --Specifications  for  exposing  sticks  under 
screens  in  the  moimtains  are  the  same  as  for  the  coastal  plain.  However, 
the  decision  to  change  from  one  set  of  screens  to  6  sets,  and  the  reverse, 
is  not  always  easy  to  make   Whether  to  estimate  foliage  density  on  the 
basis  of  conditions  in  the  valleys  or  at  different  elevations  on  slopes 
in  mountainous  regions  can  best  be  decided  by  the  district  managers.   The 
main  consideration  should  be  the  elevation  at  which  fire  occuri^nce  is 
greatest. 

Anemometers. --Tower  sites  in  mountainous  areas  are  almost  always 
too  exposed  to  be  suitable  for  anemometer  locations  and  are,  therefore, 
not  recommended.  However,  clearings  of  satisfactory  size  can  often  be 
found  at  lower  elevations.  At  such  places,  anemometers  should  be  lo- 
cated according  to  calculations  from  table  2. 

Rain  gages. --See  page  5- 
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Woods  Stations 

A  general  principle  in  selecting  a  site  for  a  woods  station  is 
that  it  should  be  as  typical  as  possible  of  the  general  area  to  be  sampled 
in  regard  to  cover,  topography,  slope,  and  aspect.   This,  however,  is  too 
idealized  a  concept  to  be  of  much  use  in  practical  application,  so  the 
following  guides  are  offered. 

Fuel  moisture  sticks. --In  the  mountain  and  piedmont  regions,  choose 
a  10-  to  20-percent  slope  if  possible;  level  ground  to  10-percent  slopes, 
and  20-  to  30-percent  slopes  are  next  best.  Regarding  aspect,  a  south  to 
southwest  exposure  is  preferable;  west  is  next  best;  southeast  and  north- 
west slopes  will  do  but  are  not  recommended;  east,  northeast,  and  north 
aspects  should  be  avoided.   Choose  a  hardwood  site,  even  in  a  pine -hardwood 
mixt\ire  where  pine  constitutes  a  good  part  of  the  stand.  Age  of  stand  is 
not  important  but  the  timber  should  be  pole-sized  or  larger. 

Fuel  sticks  should  be  exposed  on  wire  supports  8  inches  above  the 
litter  with  the  numbered  side  down.   During  the  leafless  season  they  should 
be  so  placed  that  they  will  be  fully  exposed  to  the  sun,  except  for  twig 
shade,  and  completely  shaded  when  the  overstory  is  in  full  leaf. 

Anemometers . --These  should  be  supported  so  that  the  cups  are  at  or 
near  the  8-foot  level,  assuming  that  the  shrubby  vegetation  is  sparse. 
If  it  is  dense,  a  distance  equivalent  to  the  height  of  the  vegetation 
should  be  added.  No  artificial  barriers,  such  as  buildings,  should  modify 
typical  forest  conditions  in  any  direction.  A  rule  of  thumb  is  that  the 
anemometer  should  not  be  nearer  than  10  feet  to  trees  10  inches  or  larger 
in  diameter. 

If  the  ground  is  fairly  level,  the  anemometer  can  be  secured  to 
the  top  of  the  weighing  shelter.   If  the  groiind  is  sloping,  the  exposure 
will  not  pemiit  equally  free  wind  movement  from  all  directions.  Under 
such  circTomstances  it  may  be  necessary  to  move  several  hundred  feet  up 
slope  to  a  wooded  ridge  and  to  string  a  wire  from  the  anemometer  to  the 
weighing  shelter  or  the  observer's  dwelling. 

Rain  gages. --As  stated  previously,  the  gage  must  be  so  located 
that  a  k^o   angle  from  its  top  clears  the  nearest  obstruction.   If  a  suf- 
ficient opening  in  the  woods  is  not  available,  one  must  be  made  or 
another  site  selected.  At  some  woods  stations  the  gage  may  have  to 
be  at  one  place,  the  sticks  at  another,  and  the  anemometer  at  still 
another.   This  illustrates  one  of  the  occasional  disadvantages  of  woods 
stations . 

GENERAL  RECOMMENDATIONS 

Suggested  ground  plans  for  a  woods  station  will  be  found  on  page 
22  of  USDA  Handbook  No.  1,  and  for  an  open  station  on  page  8  of  Tech- 
nical Note  No.  71 •  For  both  types  of  installations  we  recommend  a  fenced 
enclosure  to  reduce  the  possibility  of  stick  breakage  by  animals  and 
molestation  from  passers-by. 
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Details  about  the  construction  o^   weighing  shelters,  mounting  fuel 
moisture  scales,  and  the  buzzer  arrangement  for  anemometers  are  not  in- 
cluded in  this  paper.   These  subjects  are  discussed  on  pages  24-26  of  USDA 
Handbook  No.  1.   We  emphasize  the  desirability  of  having  a  glass  window  in 
the  door  of  the  weighing  shelter.   Otherwise,  weighing  sticks  when  there 
is  wind  can  be  very  troublesome. 

It  goes  without  saying  that  danger  stations  should  be  maintained 
in  a  shipshape  manner  at  all  times.  A  well-kept  enclosiire,  with  neatly 
painted  posts,  signs,  instrument  shelters,  and  supports,  draws  immediate 
and  favorable  attention. 

Do  not  combine  open-  with  woods-station  specifications--f or  example, 
an  open  station  anemometer  with  a  woods  station  stick  exposure,  or  an  open- 
type  meter  with  a  woods  station.   This  has  been  done  at  a  few  places  with 
completely  unsatisfactory  results. 


HOW  TO  MAKE  MEASUREMENTS 

The  following  instructions  are  taken  directly  from  USDA  Handbook 
No.  1. 


GENERAL 

Accuracy  of  all  readings  is  essential.  Never  guess  at  a  value. 
Write  reading  down  as  soon  as  taken. 


FUEL  MOISTURE 

1.  Instructions  for  new  sticks:   (a)  the  date  when  new  sticks  are 
first  exposed  and  each  date  when  a  weathering  correction  is  to  be  made 
should  be  recorded  on  the  weathering  correction  card  as  soon  as  the  sticks 
are  placed  out  in  the  weather;  (b)  new  sticks  can  be  used  6  to  8  months; 

:, c)  destroy  old  sticks  when  new  ones  are  put  in  use. 

2.  Scale  should  read  exactly  0  percent  when  the  100-gram  test 
weight  is  on  the  hook  and  the  counterbalance  slide  is  set  at  100.0  grams. 
Check  this  weekly..   If  not  reading  0,  correct  by  loosening  wing  nuts  and 
tilting  scale  up  or  down. 

3.  Before  weighing  sticks,  be  sure  that  the  counterbalance  slide 
on  the  horizontal  beam  is  set  correctly  at  the  point  indicated  on  the 
weathering  correction  card. 

h.     Weigh  all  3  sticks  together.  Do  not  read  the  scale  imtil  the 
pointer  has  become  still.  Always  tap  the  pivot  block  with  finger  or 
pencil  just  before  reading,  to  avoid  possible  error  from  friction  in 
the  pivot. 
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5.  Handle  wood  sticks  with  care--never  with  sweaty,  dirty,  or 
greasy  hands--avoid  splitting,  chipping,  or  marring- -brush  off  lightly 
with  a  clean,  dry  cloth  any  dirt  that  gets  on  sticks . 

6.  After  weighing,  always  replace  sticks  on  their  supports  with 
the  numbered  side  down.  Maintain  adequate  litter  under  sticks  at  all 
times. 

7.  If  fuel  moist\ire  scale  becomes  sluggish  place  a  few  drops 
of  kerosene  oil  on  the  pivot--never  use  machine  oil. 


WIND 

1.  To  measure  wind:   (a)  close  switch;  (b)  listen  for  first 
signal;  (c)  immediately  at  the  end  of  the  first  signal,  start  timing 
for  a  2-minute  period;  (d)  count  all  signals  that  occur  for  exactly 
2  minutes,  or  k   minutes  if  wind  is  gusty  or  variable;  (e)  refer  to 
wind  correction  chart  to  determine  true  wind  velocity.   If  no  signals 
occur,  the  wind  velocity  is  0. 

2.  Oil  anemometer  once  a  month- -use  only  2  or  3  drops  of  a  very 
light  oil,  such  as  typewriter  oil  or  3-in-l. 


RAIN 

1.  Rain  is  measured  as  follows:   (a)  remove  funnel  top  of  rain 
gage;  (b)  lower  rain  measuring  stick  down  inside  meastiring  tube  until 
the  stick  rests  on  the  bottom;  (c)  raise  rain  stick  and  read  the  top 
ed^e  of  the  water  line  (the  rain  stick  is  marked  off  in  hundredths  of 
an  inch  and  should  be  read  to  the  nearest  hundredth);  (d)  overflow  that 
collects  in  the  large  can  should  be  poured  into  the  meas\iring  tube, 
measured,  and  added  together  to  get  the  total  rainfall. 

2.  If  snow  is  expected,  remove  fiinnel  top  and  measuring  tube, 
and  let  snow  collect  in  large  container.  To  measure,  melt  the  snow, 
pour  water  into  measuring  tube  and  proceed  as  in  measuring  rain, 

3.  Always  remove  inner  tube  when  there  is  danger  of  freezing 
weather . 


COMMON  ERRORS  IN  MAKING  MEASUREMENTS 

Much  can  be  learned  about  station  location  and  operation  from 
a  review  of  danger  records.   This  is  particularly  true  if  reports  from 
neighboring  installations  are  available  for  comparison.  Differences 
between  stations  are,  of  course,  to  be  expected,  but  if  they  are  con- 
sistently large  and  seemingly  unreasonable  for  a  particiolar  station 
during  periods  of  settled  weather,  somethihg  is  undoubtedly  wrong.  For 
example,  records  have  been  examined  in  which  zero  wind  velocity  was  re- 
corded for  days  on  end.   Similarly,  fuel  moistures  of  not  more  than  1 
percent,  and  usually  zero  percent,  have  been  reported  for  an  entire  month. 
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FUEL  MOISTURE 

If  danger  station  records  appear  consistently  and  unreasonably- 
high  or  low,  the  following  points  should  be  checked: 

(1)  Are  the  sticks  exposed  according  to  standards  of  sun  and 
shade  ? 

(2)  Does  the  observer  have  a  weathering  correction  card  and, 
if  so,  does  he  use  it? 

(3)  Is  the  scale  so  moiinted  that  the  pointer  stands  at  0  when 
the  slider  is  set  at  100  and  the  100-gram  weight  is  suspended  from  the 
hook?  Is  the  shelter  wobbly  or  tilted  so  that  it  is  difficult  to  level 
the  scales? 

(h)     Does  the  observer  know  how  to  set  the  slider  according  to 
the  weathering  correction  card?  In  one  instance  an  observer  set  the 
slider  at  IO5.O  when  it  should  have  been  set  at  100-5  according  to  the 
card. 

(5)  Does  the  pointer  move  freely  and  without  touching  the  scale, 
and  does  the  observer  tap  the  pivot  block  before  taking  a  reading? 

(6)  Are  the  screens  kept  free  of  debris  and  is  the  number  of 
screens  changed  according  to  the  stage  of  tree  foliage? 

(7)  Are  the  sticks  properly  supported  above  a  bed  of  leaf  litter 
and  at  the  right  height? 

(8)  Does  the  hook  on  the  scale  fit  loosely?  Sometimes  impro- 
vised hooks  have  been  found  which  bind  and  make  the  scale  inaccurate. 

(9)  Do  the  sticks  swing  free  of  the  shelter  when  weighed? 

Other  points  about  fuel  moisture  sticks  and  weighing  shelters  are 
discussed  on  pages  36  and  37  of  USDA  Handbook  No.  1. 


WIND  VELOCITY 

If  wind  speeds  as  entered  on  danger  station  records  appear  unusual, 
look  for  the  following  sources  of  error: 

(1)  Is  the  anemometer  located  at  the  proper  height  and  at  the 
proper  distance  from  obstructions? 

(2)  Do  the  cups  turn  freely  and  evenly?  This  can  be  determined 
by  removing  the  cup  assenibly  and  rotating  the  spindle  gently  with  the 
finger.   Is  the  anemometer  oiled  every  month  or  two  with  one  or  two  drops 
of  light  machine  oil?  Some  anemometers  were  found  that  apparently  had 
not  been  oiled  since  installation.  Others  had  been  oiled  excessively  and 
had  become  gummy  and  sluggish. 
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(3)  Is  the  anemometer  plxmib  and  securely  moimted? 

(h)      Is  the  inspection  plate  gasket  weatherproof?  Some  have  "been 
found  so  leaky  that  the  interior  parts  had  "become  rusted. 

(5)  Are  the  anemometer  cups  undamaged,  tightly  attached  to  the 
arms,  and  faced  in  the  right  direction,  that  is,  the  open  faces  moving 
in  a  clock-wise  direction?  Several  anemometers  have  been  found  where 
one  cup  had  been  reversed. 

(6)  Does  the  observer  use  the  correct  timing  procedure?  That  is, 
does  he  begin  counting  signals  immediately  at  the  end  of  the  first  signal, 
and  continue  for  exactly  two  minutes?  When  the  wind  is  gusty  or  variable, 
does  he  take  the  average  of  two  separate  observations  or,  better,  does  he 
take  a  4 -minute  reading? 

(7)  Does  the  observer  have  a  wind  correction  chart  for  his  spe- 
cific type  and  model  anemometer?  Does  he  use  it?  Many  records  have  been 
examined  in  which  wind  speed  in  even  miles  only  had  been  recorded.  Either 
the  observer  failed  to  use  the  correction  chart  or  half  miles  of  wind  had 
been  ignored.   Correction  charts  for  the  several  types  of  anemometers  are 
on  pages  51-58  of  USDA  Handbook  No.  1. 

(8)  Are  the  wire  connections  to  the  anemometer  and  "buzzer  clean 
and  tight?  Occasionally  loose  connections  are  found  in  the  anemometer, 
which  will  then  sound  fewer  buzzes  than  it  should.   In  multiple  contact 
anemometers,  such  as  the  Friez  Airways  type,  make  sure  that  all  contacts 
are  working  properly. 

(9)  Are  the  batteries  and  knife  switch  in  good  order? 

(lO)   Is  the  anemometer  carefully  taken  apart  and  cleaned  once  a 
year  by  a  competent  workman  according  to  specific  instructions  provided 
by  the  manufacturer  or  those  on  pages  ^7-50  in  USDA  Handbook  No.  1? 

Additional  instructions  regarding  anemometers  appear  on  pages  39 
and  kO   in  USDA  Handbook  No.  1. 


WHEN  TO  MAKE  MEASUREMENTS 

It  is  desirable  to  standardize,  so  far  as  possible,  the  time  when 
measiirements  shoiild  be  taken  by  all  agencies  within  a  given  time  zone. 
The  hours  of  9:00  a.m.,  and  2:00  and  5:00  p.m.  appear  to  be  generally 
acceptable.  A  considerable  proportion  of  fires  start  between  noon  and 
3:30  p.m.  (at  least  in  the  North  Atlantic  States).  Maximum  temperatures 
and  minimum  relative  humidities  are  also  generally  reached  during  this 
period.   The  2:00  p.m.  reading  is,  therefore,  probably  a  good  compromise 
for  the  basic  observation.  During  dangerous  periods,  interim  observa- 
tions may  also  be  desirable. 
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Whether  to  take  morning  and  late  afternoon  readings  depends  upon 
administrative  needs.   During  the  fire  season,  a  morning  observation  may 
be  useful  in  indicating  the  weather  patterns  to  be  expected  later  in  the 
day  and  in  determining,  for  example,  whether  a  lookout  should  be  on  his 
tower  or  whether  he  can  be  assigned  other  duties. 

Five  o'clock  readings  are  recommended  during  the  fire  season  be- 
cause high  danger  occasionally  continues  into  the  evening. 

At  times  it  may  be  difficult  or  undesirable  to  arrange  an  obser- 
ver's schedule  so  as  to  obtain  readings  at  2:00  o'clock.  Under  such 
circumstances,  1:00  o'clock  readings  are  acceptable. 

Observations  at  key  stations  should  be  made  at  2:00  o'clock  (or 
at  1:00  o'clock  as  explained)  throughout  the  year. 


OPERATION  OF  THE  METERS 

The  following  instructions  apply  to  the  type  8  meter,  W  or  0,  and 
its  variant  8-100,  W  or  0.   Type  8  is  standard  for  all  fire  control  agen- 
cies in  Forest  Service  Region  T,   and  8-100  has  been  proposed  by  States 
and  the  National  Forest  organization  for  the  mountain  and  piedmont  areas 
in  Region  8. 

The  difference  between  the  8  and  8-100  meters  is  that  the  top  of 
the  Burning  Index  on  the  8  is  at  200,  whereas  the  top  of  the  8-100  is  at 
100.   This  means  that  if  identical  values  are  set  up  on  the  two  types, 
the  8-100  will  give  approximately  one-half  the  Burning  Index  of  type  8. 
This  difference  must  be  kept  in  mind  by  neighboring  units  using  different 
meters.   The  Build-up  Index  is  computed  in  exactly  the  same  manner  for 
both  types  of  meters. 

Type  8  is  a  more  sensitive  meter  than  type  ^.     For  example,  errors 
in  fuel  moisture  measiirements  will  cumulate  on  the  Build-up  Index  and  will, 
therefore,  have  a  double  effect  on  the  daily  measured  danger. 

Following  is  a  discussion  of  the  variables  that  are  integrated  on 
the  8  and  8-100  meters  and  the  recommended  tolerances  in  reading  and  re- 
cording measurements . 


CONDITION  OF  LESSER  VEGETATION 

Lesser  vegetation  means  grasses,  weeds,  and  shrubs  as  distinguished 
from  tree  foliage.   Some  observers  have  failed  to  recognize  this  distinc- 
tion in  the  use  of  the  meter.   Condition  of  lesser  vegetation  is  a  variable 
on  the  danger  meter;  condition  of  tree  foliage  determines  whether  one  or 
six  layers  of  screens  are  to  be  used. 
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Condition  1  should  be  set  up  on  the  meter  when  the  lesser  vegeta- 
tion is  90  percent  or  more  cured,  and  condition  _5  when  the  lesser  vegeta- 
tion is  90  percent  or  more  green.   Conditions  2_,   _3^  and  h_   are  used  during 
the  transition  stage,  when  the  lesser  vegetation  is  neither  fully  cured 
nor  green.   These  intermediate  stages  cannot  be  defined  with  precision, 
so  they  must  be  determined  on  the  basis  of  Judgment.  We  recommend  that 
the  decision  to  change  from  one  stage  to  another  be  made  by  an  adminis- 
trative officer  and  not  left  to  the  individual  observer.  Otherwise,  any 
comparison  or  grouping  of  data  may  be  meaningless. 

Dijring  a  "normal"  season,  the  lesser  vegetation  marches  progres- 
sively from  stage  1  through  to  _5  and  back  to  1  with  fair  regularity.   How- 
ever, watch  out  for  the  effects  of  unusual  weather. 

In  the  spring,  a  series  of  unseasonably  warm  days  will  stimulate 
growth  and  may  advance  the  season  so  rapidly  that  conditions  2,  3>  and  \ 
may  last  only  for  short  periods  of  less  than  a  week  each.   Conversely,  a 
late  spring  freeze  may  set  the  vegetation  back  a  stage. 

In  the  summer,  periods  of  drought  will,  in  effect,  begin  the  cur- 
ing of  lesser  vegetation  even  though  this  may  not  be  particularly  notice- 
able. Diiring  such  conditions,  the  Build-up  Index  may  be  a  useful  guide. 
In  the  Appalachians  and  regions  to  the  north  and  east  — '  consideration 
is  given  to  shifting  from  condition  5  to  4  when  the  Build-up  Index  reaches 
40,  to  condition  3  at  75^  and  condition  2  at  100.   This  is  done  arbitrarily 
at  some  stations  with  good  results.   Soaking  rains  may  rather  quickly  re- 
vive vegetation  back  to  the  green  stage. 

In  the  fall,  with  normal  distribution  of  rainfall,  the  vegetation 
condition  will  usually  remain  in  condition  5  until  the  first  killing  frost. 
If  50  percent  of  the  vegetation  is  immediately  killed,  the  shift  would  be 
made  to  condition  3^  by -passing  condition  h.     A   succession  of  hard  freezes 
might  produce  condition  2  in  a  few  days. 


BUILD-UP  INDEX 

Fuel  moisture  sticks  indicate  the  moisture  condition  of  the  sur- 
face layer  of  litter.   In  contrast,  the  Build-up  Index  reflects  the  cumu- 
lative drying  of  litter  below  the  surface  layer.  Fires  may  start  and 
burn  readily  when  the  upper  fuels  are  dry,  even  if  lower  fuels  are  not 
readily  ignitible.  But  if  both  layers  are  dry,  fires  will  burn  in  general 
with  greater  intensity  and  spread  faster. 

The  Build-up  Index  on  the  type  8  meter  is  designed  to  take  into 
account  this  progressive  drying  of  deeper  fuels.   It  is  a  better  measure 
than  the  factors,  "days  since  rain"  and  "amount  of  rain"  on  type  5  meters. 


1/  We  do  not  have  sufficient  information  to  suggest  critical 
points  for  the  piedmont  region. 


-  Ik 


particularly  during  extended  rainless  periods,  and  during  periods  of  re- 
curring light  rains.   To  some  extent  it  is  a  rough  measure  of  resistance 
to  control  in  that  when  the  maximum  point  of  100  is  reached,  fires  in  the 
deeper  layers  of  litter  are  extinguished  with  great  difficulty.  Normal 
fire  lines  may  not  hold  because  fires  can  creep  underneath  in  buried  wood 
and  rekindle  fuel  on  the  other  side  of  the  line.   There  are  instances 
where  men  have  had  to  return  many  times  to  a  fire  thought  to  be  completely 
out. 


The  Build-up  Index  is  easily  computed.   The  central  tab  of  the 
type  8  meter  has  a  table  which  gives  niomerical  build-up  factors  for  dif- 
ferent fuel  moistures.   One  day's  factor  is  merely  added  to  the  previous 
day's  total  during  rainless  periods;  the  sum  of  the  factors  is  called  the 
Build-up  Index.  When  rains  occur,  the  Build-up  Index  is  reduced  one  point 
for  every  one-hundredth  inch  but  never  below  0.   RULE--ALWAYS  SUBTRACT 


TODAY'S  RAIN  BEFORE  ADDING  TODAY'S  i^'ACWK. 
ify  this  explanation. 


TEe  following  table  will  clar- 


Table  3 ---Sample  data  for  a  2  p.m.  reading 


Day 


Rain 


Fuel  Moisture 


Build-up 
Factor 


Build-up 
Index 


Hundredths  of 


an  inch 

1 

10 

2 

19 

3 

0 

k 

0 

5 

28 

6 

0 

7 

0 

Percent 

9-3 
6.0 
4.0 
5.0 
11.8 
8.0 
U.o 


3 
5 
8 
6 
2 

3 

8 


1/  (36) 
29 
15 
23 
29 

3 

6 
Ik 


l/     A   Build-up  Index  of  36  carried  over  from  previous  month. 


FUEL  MOISTURE 

Measurements  should  be  recorded  and  set  up  on  the  meter  to  the 
nearest  l/lO  percent  up  to  20  percent  and  to  the  nearest  l/2  percent 
above  20  percent.  Although  reading  to  the  nearest  l/2  percent  is  close 
enoiigh  for  practical  purposes,  we  have  found  through  experience  that 
fewer  errors  are  likely  to  occur  if  readings  are  made  to  the  nearest 
1/10  percent.   There  is  no  need  to  read  sticks  when  snow  is  on  the  ground. 
However,  in  such  instances  the  letter  "S"  should  be  entered  in  the  record. 
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WIND  VELOCITY 

Measxirements  should  be  recorded  and  set  up  on  the  meter  to  the 
nearest  l/2  mile  according  to  the  vind  correction  table  which  should  be 
posted  in  the  weighing  shelter^   On  the  "0"  meter,  never  set  wind  speed 
at  less  than  3  niiles  per  hoxor. 


RAINFALL 

Use  the  2i|--hour  rain  from  2:00  p.m.  to  2:00  p.m.   If  there  are 
auxiliary  rain  gages,  take  an  average  of  the  measurements.   For  record 
purposes  use  whole  units.  For  example,  record  one-hundredth  of  an  inch 
(.01)  as  1,  and  2  and  30  hundredths  (2.30)  as  230.   This  will  avoid  mis- 
placed decimals.   Ignore  rains  of  less  than  one-hundredth  inch. 

There  can  be  an  exception  to  the  use  of  the  2:00  p.m.  rainfall. 
If  a  9:00  a.m.  reading  today  is  wanted  and  rain  has  occurred  since  2:00 
p.m.  yesterday,  then  this  morning's  record  of  rainfall  may  be  used  to 
reduce  the  9:00  a.m.  Build-up  Index. 


HOW  TO  SET  UP  THE  METER 

Instructions  for  manipulating  are  printed  on  the  backs  of  the 
meters,  but  for  possible  convenience  they  are  also  recorded  here. 

(1)  Turn  the  CONDITION  OF  LESSER  VEGETATION  disc  until  the  arrow 
on  the  central  tab  of  the  meter  is  exactly  opposite  condi- 
tion 1,  2,  3>  ^f    or  5«  Do  not  estimate  a  setting  between 
the  five  positions . 

(2)  Turn  the  BUILD-UP  INDEX  disc  until   the  computed  Build-up 
Index  is  opposite  the  arrow  at  the  outer  edge  of  the 
CONDITION  OF  LESSER  VEGETATION  disc.  Estimate  position 
for  amounts  not  shown  between  25  and  100.   Do  not  set  at 
a  higher  reading  th&n  100. 

(3)  Turn  the  FUEL  MOISTURE  disc  until  the  exact  percent  of 
fuel  moisture  as  meas\ared  is  opposite  the  arrow  at  the 
outer  edge  of  the  BUIID-UP  INDEX  disc.  Do  not  set  a 
lower  reading  than  the  minimum  fuel  moisture  printed 
on  the  meter. 

(k)     Turn  the  WIND  VELOCITY  disc  \mtll   the  measured  velocity 
is  exactly  opposite  the  arrow  at  the  outer  edge  of  the 
FUEL  MOISTURE  disc.   In  using  the  "0"  meter,  if  the  wind 
velocity  is  less  than  3  miles  per  hour,  set  at  3« 

(5)  Read  the  number  representing  the  BURNING  INDEX  in  the  seg- 
ment opposite  the  arrow  at  the  outer  edge  of  the  WIND 
VELOCITY  disc.   Do  not  estimate  fractional  parts  of  seg- 
ments . 
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HOW  TO  KEEP  RECORDS 

The  following  is  a  sample  Fire  Danger  Daily  Record  form  which 
has  been  found  generally  satisfactory.  A  hypothetical  10-day  record 
has  been  entered  for  illustrative  purposes . 

Assume  that  a  new  observer  has  been  properly  trained  in  taking 
measurements  and  in  operating  the  meter,  and  is  now  to  be  instructed 
in  the  mysteries  of  record  keeping.   The  following  sequence  will  be 
helpful  in  explaining  the  method  used. 

Table  3  should  be  reviewed  so  that  the  observer  knows  how  to 
find  the  proper  build-up  factor,  how  to  subtract  rain,  and  how  to  de- 
rive a  Build-up  Index.   Beginning  at  the  9:00  o'clock  reading  on  the 
3rd  of  the  month,  for  purposes  of  this  illustration,  he  sees  that  the 
morning  reading  of  "Condition  of  Lesser  Vegetation"  (Col.  2),  "Fuel 
Moisture  Percent"  (Col.  3)>  and  "Wind  Velocity"  (Col.  U),  have  been 
entered  as  1,  50+,  and  8.0,  respectively.  He  then  needs  only  to  know 
the  Build-up  Index  at  2:00  p.m.  on  the  previous  day,  which  was  29 
(Col.  9),    in  order  to  set  up  the  meter  and  derive  the  morning  Burning 
Index,  which  was  1  (Col.  5) •  Proceeding  along  the  same  line  to  the 
2:00  p.m.  observation,  he  sees  that  the  rainfall  record  at  his  station 
was  13  hundredths  of  an  inch  (Col.  6),  that  the  amount  at  a  secondary 
rain  gage  was  25  hundredths  (Col.  7),  and  that  the  average  of  the  two 
gages  was  19  (Col.  8).   Skipping  columns  9  and  10  for  the  moment,  he 
finds  that  the  2:00  p.m.  fuel  moistixre  percent  was  6  (Col.  11)  and 
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wind  velocity  was  6.5  miles  per  hour  (Col.  12).   Because  there  was  rain 
between  2:00  p.m.  on  the  2nd  and  2:00  p.m.  on  the  3rd,  the  former  Build- 
up Index  must  now  be  reduced.   The  rain  of  19  hundredths  reduces  the  old 
Build-up  Index  of  29  to  10,  but  adding  a  build-up  factor  of  5  (Col.  10) 
makes  the  new  Build-up  Index  15  (Col.  9)-   The  same  procedure  can  then 
be  followed  for  the  remainder  of  the  sample  period. 


INSPECTION  AND  TRAINING 

We  have  observed  that  some  agencies  have  left  the  establishment 
and  operation  of  danger  stations  pretty  much  to  subunit  managers.   This 
may  work  very  well  when  managers  have  a  genuine  interest  in  danger  meas- 
urement and  are  willing  to  spend  some  time  in  studying  material  published 
on  the  subject.  But  sometimes  interest  is  liikewarm  and  danger  measiore- 
ment  receives  less  attention  than  it  should  in  view  of  its  immediate  and 
potential  value. 

The  fire  control  agencies  deriving  the  greatest  benefit  from  appli- 
cation of  danger  measurement  have  found  it  desirable  to  place  one  member 
of  the  staff  in  charge  of  the  system.  His  Job  has  involved  the  personal 
inspection  of  proposed  station  sites,  the  training  of  district  managers 
and  observers,  review  of  station  records,  and  the  setting  up  of  a  regu- 
lar schedule  of  inspections . 

We  consider  formal  inspections  twice  a  year  prior  to  fire  seasons 
to  be  a  minimum.   Each  should  require  a  formal  report.   The  form  on  a 
following  page  has  been  field  tested  and  found  to  be  very  useful.   If 
used  as  a  tickler  list,  few  essential  points  are  likely  to  be  missed  by 
the  inspector.  The  form  requires  a  minimum  of  preparation  and  provides 
a  convenient  way  of  recording,  both  for  the  inspector  and  inspectee, 
errors  that  need  to  be  corrected  or  items  that  need  follow-up.   The  sys- 
tem of  scoring,  as  shown  on  the  form,  introduces  an  element  of  competi- 
tion among  observers  that  has  been  found  to  work  very  well.  Most  ob- 
servers like  to  do  a  good  Job  when  they  know  what  and  how  things  are  to 
be  done.  A  continuing  poor  box  score  indicates  the  need  for  more  train- 
ing or  the  replacement  of  observers;  official  recognition  of  high  scores 
stimulates  continuation  of  good  work  and  is  an  excellent  morale  builder. 
Where  the  system  has  been  tried,  an  almost  immediate  improvement  in  the 
quality  of  records  has  been  noticeable. 

The  need  for  training  at  all  levels  in  fire  control  agencies  is 
so  generally  recognized  that  there  is  no  purpose  in  elaborating  on  the 
subject.  However,  one  observation  may  be  in  order- -poor  danger  station 
operation  is  more  likely  to  be  the  fault  of  the  supervisor  than  the  ob- 
server . 
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FIRE  DANGER  STATION  INSPECTION  REPORT 


State  or 
Forest 


Date 


19 


District_ 
Observer 


Station 


Inspector 


Type  of  Station:  Open 


Woods 


INSPECTION  RATING 


Instructions:  Opposite  each  condition  listed  below  enter  "1"  if  condition  is  cor- 
rect, or  "0"  if  incorrect.  Compute  Inspection  Rating  by  subtracting  the  number  of 
"0"  conditions  listed  from  100.  An  Inspection  Rating  of  95  is  considered  standard. 
Ratings  less  than  95  point  out  the  need  for  closer  supervision  and  additional 
training.  List  all  incorrect  items  by  number  under  remarks  on  the  other  side  of 
this  sheet.  For  each  item  listed  add  an  appropriate  brief  explajaation  covering 
repairs  or  adjustments  made,  or  training  given  during  the  inspection,  and  indicate 
follow-up  as  needed. 


Rain  Measurement 

I.Gage  location  satisfactory 

2. Gage  firmly  mounted 

3. Outer  can  does  not  leak 

4. Inner  tube  does  not  leak.. 

5. Tube  removed  during  freeze 

6. Funnel  top  undamaged 

7. Funnel  top  level 

8. Measuring  stick  intact 

9. Measuring  stick  legible 

10. Rain  measured  correctly 

Wind  Measurement 

ll.Anem,  location  satisfactory 

12.Anem.  cups  correct  height 

13.Anem.  firmly  mounted  on  mast,... 

li<-.Anem.  mast  firm  in  ground 

15. Anemometer  plumb 

l6.Anem.  cups  not  loose 

lY.Anem.  cups  not  damaged 

iS.Anem.  cups  rotate  freely 

19.Anem.  bearings  not  gummed....... 

20.Anem.  bearings  oiled  monthly.... 

21.Anem.  casing  does  not  leak: 

22.Anem,  contacts  adjusted.,, 

23. Wiring  not  loose  or  broken 

2U. Buzzer  in  order ,., 

25. Switch  in  order , 

26, Battery  condition  satisfactory,. 

27. Battery  supply  adequate 

28. Wind  correction  table  used. 

29. Timed  by  second-hand  of  watch... 
30. Timing  procedure  correct 


31 
32 
33 
3^ 
35 
36 
37 
38 
39 
ko 
kl 
k2 

h3 
kk 

i^5 
k6 

^7 
kQ 
h9 
50 
51 
52 
53 
5^ 
55 


56 
57 
58 
59 
60 


Fuel  Moisture  Measurement 
.Shelter  construction  adequate..,. 

.Shelter  firmly  supported 

.Shelter  door  does  not  bind 

.Scale  correctly  mounted, 

.Scale  pivot  does  not  bind 

.Pivot  block  tapped  before  reading 

.Scale  read  accurately,,, 

.Scale  pointer  swings  freely 

.Scale  slider  set  correctly 

.Slider  firm  but  not  loose 

.Scale  hook  does  not  bind 

.Hook  adequate  to  hold  sticks 

.Scale  balanced  at  100  grams 

.Balance  correct  within  . 1^ 

.Weathering  card  dates  correct.... 

.Stick  location  satisfactory 

.Stick  shading  satisfactory 

.Sticks  protected  (if  needed) 

.Stick  support  adequate..... 

.Sticks  held  on  support 

.Sticks  proper  side  up 

.Correct  height  above  litter...... 

.Adequate  litter  under  sticks 

.Sticks  swing  free  of  shelter..... 
.Sticks  clean  and  intact 

Fire  Danger  Daily  Record 

.Fire  danger  record  legible 

.Vegetation  stage  correct......... 

.Rain  recorded  correctly 

.Wind  recorded  correctly. ......... 

.Fuel  moisture  recorded  correctly. 
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ON  DANGER  MEASUREMENTS  IN  GENERAL 

The  preceding  discussion  of  danger  measurement  and  meters  might 
cause  some  to  suppose  that  a  good  system  of  danger  measurement  is  the 
answer  to  most  fire  problems.  This,  decidedly,  is  not  the  Impression 
that  the  writer  wants  to  convey.  At  best,  meters  can  only  be  a  guide 
to  judgment.  But,  where  they  have  been  fairly  tested,  their  value  has 
been  so  thoroughly  demonstrated  that  doubts  no  longer  remain. 

Progress  in  danger  measurement  sometimes  passes  through  a  series 
of  fairly  definite  periods.  First  comes  a  period  of  half-hearted  com- 
pliance with  orders  to  establish  stations  and  to  take  measurements. 
Recommended  standards  are  not  too  carefully  observed  and  the  general 
attitude  is  one  of  indifference.  However,  there  always  are  some  indi- 
vid\ials,  who  out  of  curiosity,  are  sufficiently  interested  to  back  their 
judgment  of  burning  conditions  against  those  indicated  by  the  meter. 
This  leads  to  more  thorough  study  and  observation.  Dioring  this  period 
of  suspended  judgment  comes  a  closer  adherence  to  standards  and  there- 
fore better  records,  together  with  a  growing  appreciation  of  the  possi- 
bility of  applying  danger  measurements  in  a  number  of  ways .   This  is 
followed  by  better  inspection  and  training  and  a  general  tightening-up 
of  the  network.  As  reliable  records  accumulate,  it  then  becomes  pos- 
sible to  apply  danger  measurements  as  a  guide  to  woods  closirre,  in 
organizational  planning,  as  a  measure  of  the  effectiveness  of  preven- 
tion efforts,  in  the  rating  of  one  season  against  another,  and  in  cam- 
paring  the  general  effectiveness  of  fire  control  among  administrative 
units.  Finally,  comes  a  more  critical  examination  of  the  entire  fire 
control  organization  and  the  development  of  better  plans  to  cope  with 
the  fire  situation. 

Forest  fire  danger  meters  developed  by  the  Southeastern  Station 
basically  are  flammability  meters.  That  is,  they  measure  on  a  numeri- 
cal scale  the  relative  ease  with  which  fires  will  start  and  spread. 
This  being  so,  there  is  a  good  correlation  between  fire  occurrence  and 
burning  index,  when  risk  is  held  constant. 

Through  use,  the  Build-up  Index  and  the  Burning  Index  have  also 
been  found  to  bear  a  relationship  to  rate  of  spread,  resistance  to 
control,  and  fire  severity,  although  at  present  only  in  broadly  measure- 
able  terms.  A  high  Burning  Index  is  usually  not  reached  unless  there 
is  considerable  wind  and,  therefore,  a  faster  than  usual  rate  of  spread. 
Control  and  mop-up  become  progressively  more  difficult  in  the  moimtains 
as  the  Build-up  Index  increases.  Fire  severity  increases  as  the  Build- 
up and  B\irning  Indexes  increase. 

However,  there  are  other  factors  that  influence  the  above- 
mentioned  fire  phenomena  and  which  are  not  included  in  the  meters. 
These,  among  others,  are  topography,  fuel  types,  upper  air  conditions, 
and  severe  droughts.  Much  more  research  will  be  necessary  before  these 
variables  can  be  included  in  meters  or  tables  supplemental  to  our  present 
flammability  meters. 
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PAETIAL  LIST  OF  SUPPLIERS  OF  FIRE-WEATEER  EQUIPMENT 

The  following  list  is  prepared  for  those  interested  in  operating 
fire  danger  stations.   The  inclusion  of  a  manufacturer's  name  implies  no 
endorsement,  although  the  specified  items  are  believed  to  meet  general 
standards  set  for  fire  danger  measuring  equipment.   The  price  range  indi- 
cated in  parentheses  is  approximate  and  is  based  on  recent  quotations 
from  manufacturers  or  suppliers. 


Fuel  Moisture  Scales  ($32.00) 

A.  E.  Chisholm 

8532  S.  E.  17th  Avenue 

Portland  2,  Oregon 

Anemometers  -  Airways  Type,  1/60  m.c.  ($17.00-$33.00) 

A.  E.  Chisholm  M.  C  Stewart 

8532  S.  E.  17th  Avenue  Ashburnham,  Mass. 

Portland  2,  Oregon 

Western  Fire  Equipment  Co. 

69  Main  Street 

San  Francisco  5>  Cal. 


Rain  Gages  -  Weather  Biureau  T^^e  ($23.00-$43.00) 

Friez  Instrument  Division 

Bendix  Aviation  Corporation 

1^00  Taylor  Avenue  near  Loch  Raven  Blvd. 

Towson,  Baltimore  k,   Maryland 

Gichner,  Inc. 

1900  Kendall  Street,  N.  E. 

Washington  2,  D.   C 

Precision  Thermometer  &  Instrument  Co. 
lk2,k   Brandywine  Street 
Philadelphia  30,  Pennsylvania 

Science  Associates 
i^-01  No.  Broad  Street 
Philadelphia,  Pennsylvania 


-  21  - 


Rain  Gages  -  Forest  Service  Type  ($6.2^-$9.00) 

F.  A.  Anderson  Maniifacturing  Co. 
2l4  N.  W.  Flanders  Street 
Portland  9^  Oregon 

Western  Fire  Equipment  Company 

69  Main  Street 

San  Francisco  5^  California 


Rain  Measuring  Sticks  -  Weather  Bureau  Type  ($0.30-$0.70) 

Leupold  8c  Stevens  Instruments,  Inc. 
P.  0.  Box  5082 
Portland  13;  Oregon 

Western  Fire  Equipment  Company 

69  Main  Street 

San  Francisco  5^  California 


Rain  Measuring  Sticks  -  Forest  Service  Type  ($0.1$-$0.4o) 

F.  A.  Anderson  Manufacturing  Co. 
2l4  N.  W.  Flanders  Street 
Portland  9^  Oregon 

Western  Fire  Equipment  Company 

69  Main  Street 

San  Francisco  5^  California 


Agriculture -Asheville 
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TREE  GRADES  AND  ECONOMIC  MATURITY 
FOR  SOME  APPALACHIAN  HARDWOODS 

by 

Robert  A.   Campbell 
Southern  Appalachian  Research  Center 


INTRODUCTION 

Choosing  the  right  species  and  sizes  of  trees  to  cut  or  leave,   improv- 
ing appraisal  accuracy,   determining  the  tree's  highest  market  value,   and 
picking  the  best  financial  rotation  are  some  of  the  more  urgent  reasons 
calling  for  workable  and  reliable  tree  grades  and  values.     A  better  know- 
ledge of  quality  in  terms  of  grade  yield  or  dollar  values,   and  a  better 
understanding  of  a  tree's  earning  capacity  would  be  of  great  help  in  choosing 
between  borderline  trees.     This  report  is  a  revision  and  enlargement  of  an 
earlier  station  paper  (3^)  proposing  a  tree  grading  system  designed  to 
separate  Appalachian  hardwood  trees  into  appropriate  value  classes. 


PAST  WORK 

The  first  widely  recognized  tree   grading  systems  used  in  this 
country  were  primarily  for  determining  risk  classes  in  ponderosa  pine.     A 
combined  value,   vigor,   and  risk  system  of  tree  grading  was  first  proposed 
and  used  by  the  U.  S.   Forest  Service  (J)  in  the  Lake  States. 

The  success  of  this  system  and  the  one  originated  in  1948  by  the 
author  (published  in  1951  as  Station  Paper  9)  demonstrated  the  usefulness 
and  value  of  hardwood  tree  grading.     These  earlier  efforts  were  followed 
by  other  workers  in  the  field  using  a  modification  of  the  author's  system 
(Cummings  and  Zarger,    5),   or  a  system  of  grading  each  log  in  the  tree 
(Guttenberg  and  Putnam,  8^).     Each  of  the  latter  publications  was  based  on 
approved  Forest  Products  Laboratory  log  grades  which  were  not  available 
when  the  author  did  most  of  his  original  field  work. 


TREE  GRADES 

The  tree  grades  proposed  are  A,   B,   and  C,   and  are  based  on  the 
quality  of  the  butt  log  of  the  tree.     All  log  grades  mentioned  herein  are 
based  on  the  factory  log  grades  1,    2,   and  3  as  described  in  the  Forest 
Products  Laboratory  report  D  1737  (j^).     Tree  grades  have  been  given 


a  different  designation  from  log  grades  in  order  to  avoid  confusion  when 
discussing  vigor  classes.     The  proposed  system  of  tree  grading  utilizes  the 
recognized  tendency  for  the  upper  logs  in  a  tree  to  be  of  lower  quality  than 
those  next  below  them.     For  example,   in  trees  containing  two  or  more  logs, 
a  grade   1  butt  log  is  usually  topped  by  a  grade  2  upper  log,    and  a  grade  2 
butt  by  a  grade  3  upper.     Trees  containing  more  than  one  log  were  synthe- 
sized as  described  in  the  author's  earlier  publication  (3).     While  this  method 
of  tree  grading  may  be  less  accurate  than  grading  each  log  in  the  tree,   it 
is  acceptably  accurate  and  much  simpler  to  use.     The  chore  of  grading  and 
field  tallying  is  reduced  to  a  workable  basis. 

Since  the  tree  grade  depends  on  the  quality  of  the  butt  log,   the 
appraiser  must  examine  this  log  closely.     A  table  of  condensed  butt  log 
specifications  based  on  the  Forest  Products  Laboratory  specifications  men- 
tioned above  and  adapted  from  the  Tennessee  Valley  Authority  report  (5)  to 
include  the  latest  TVA  revisions,    is  shown  in  table  1. 


Table  1. — Hardv/ood  tree  grades 


1/ 


:  FPL 
Tree  :  butt- 
grade :  log 

:   ;?rade 


D.b.h.  class 


Usual  :Liinjjnujn 


Maxi- 
mum 


Clearcuttings  q: 
grading  face  Z 


Maximum  defect 


Minimum  length   :3v;eep  &.„  ^    .        ,-,    „/ 
Single    :    Total    :    crook   :T°tal  cull  3/^ 


-  -  Inches No_. 

Icr-     4/  16  2 

18  2 

2h  2 

I6f           12  2 

14  3 

12+            10  8 


Feet 

7 
5 
3 
3 
3 
2 


13 
13 
13 
11 
11 


-  - 

Percent  ■ 

15 

40 

15 

40 

15 

40 

^,0 

50 

30 

50 

50 

50 

17 Based  on  quality  of  the  first   16. 3-foot   length  above  the   stump 
or  jump  butt,    if  any. 

2/     This  is  the  right-hand  face  of  the  tvra  faces  seen  as  the  tree 
is  approached. 

3/     Total  cull  including  crook  and  sv;eep.     See  Lockard,   et  al.    (11) 
for  type  of  defect  and  cull  estimates. 

4/     Ash  and  ba^.swood  only  v/ill  admit  14-irich  trees. 


Size  of  tree  is  the  primary  factor  to  consider  in  tree  grading.     A 
tree  must  ordinarily  be  at  least  16  inches  d.b.h.   before  it  can  be  consider- 
ed for  either  of  the  upper  two  grades.     If  the  tree  meets  this  minimum  size 
requirement,   then  the  number  of  clear  faces  or  length  of  clear  cuttings  on 
the  grading  face  is  the  next  guiding  factor. 


A  choice  of  methods  awaits  the  user  in  actually  determining  the  grade 
of  standing  trees.     He  can  examine  all  four  faces  of  the  butt  log  and  select 
the  next -to-poorest  face  for  grading,    as  recommended  by  the  Forest  Prod- 
ucts Laboratory  in  the  grading  of  logs.     This  system  is  appropriate  for 
tree  grading  whenever  a  careful  inspection  seems  justified,   as  in  high-value 
timber  or  in  determining  the  value  of  a  small  group  of  trees.     It  is  the 
system  used  in  arriving  at  the  values  and  maturity  sizes  given  later  in  this 
paper  (tables  4  and  5). 

A  short-cut  system  based  on  grading  the  single  face  that  is  to  the 
right  of  the  grader  as  he  approaches  the  tree  has  been  worked  out  by 
foresters  of  the  Tennessee  Valley  Authority  (5^).     Their  system  is  most 
appropriate  for  grading  relatively  uniform  second-growth  timber,    and  for 
grading  large  numbers  of  trees.     The  authors  of  the  short-cut  system  state 
that  it  "gave  76  percent  accuracy  with  10  percent  of  the  remaining  values 
(trees)  over-graded  and  14  percent  under-graded"  in  comparison  with  grad- 
ing of  the  next -to -poorest  face  (5). 

As  pointed  out  by  Cummings  and  Zarger  (5^),   the  application  of  the 
Forest  Products  Laboratory  log  grades  to  tree  grading  tends  to  overgrade 
the  trees  because  of  log-end  defects  which  are  invisible  until  the  trees  are 
cut  into  logs.     There  is,   however,    a  compensating  factor  in  the  use  of  the 
16 -foot  requirement  for  a  grading  length.     Many  logs  can  be  up-graded  after 
the  tree  is  felled  by  cutting    them  in  shorter  than  16 -foot  lengths. 

Two  of  the  log  grade  exceptions  contained  in  the  Forest  Products 
Laboratory  grades  (J^)  are  not  included  in  this  tree  grading  method.     These 
are:  permitting  logs  with  60  percent  cull  to  drop  one  grade,   because  this 
would  allow  unmerchantable  logs  (in  most  species)  to  be  graded;  amd  includ- 
ing 10-inch  d.i.b.   logs  in  grade  2  if  surface  quality  is  grade  1,    since  it 
applies  to  only  two  species. 


CONVERTING  LOG  YIELDS  TO  TREE  VALUES 

The  next  step  concerns  the  determination  of  tree  yields  and  values. 
They  are  based  on  and  computed  from  log  values  in  terms  of  Quality  Index 
numbers.     Quality  Index  as  developed  by  Herrick  (9)  and  modified  by 
EUertson  and  Lane  (6^)  is  the  lumber  value  of  the  tree  expressed  as  a  per- 
centage of  the  value  of  a  given  grade  of  lumber  (No.    1  common  in  this  study) 
per  thousand  board-feet.     The  Quality  Index  for  a  given  tree  multiplied  by 
the  current  price  of  No.    1  common  lumber  of  that  species  equals  the  dollar 
value  per  thousand  board -feet  of  the  lumber  in  that  tree. 

Preliminary  studies  by  the  author  in  1951  indicated  that  butt  logs  and 
uppers  in  the  same  log  grade  and  species  should  probably  be  separated 
because  there  was  a  considerable  difference  in  grade  yield,   and  hence 


dollar  values.     Statistical  comparisons  of  the  Quality  Index  values  for 
butts  and  upper  logs  using  graded  Tennessee  Valley  Authority  and  Forest 
Products  Laboratory  logs  confirmed  the  earlier  opinions.     As  a  result  of 
these  tests,   and  using  combined  data  from  some  6,000  Tennessee  Valley 
Authority  and  Forest  Products  Laboratory  logs,    separate   yield  curves  by 
position  in  the  tree  were  prepared  for  all  log  grades.     For  some  species 
and  grades  there  was  not  enough  difference  to  justify  keeping  them  separate 
so  they  were  combined  (for  example,    grade  2  butts  and  uppers  in  both  ash 
and  yellow  birch). 


By  use  of  appropriate  outside -bark  form  classes  (77  for  the  oaks  and 
80  for  others)  and  taper  tables,    small-end  log  diameters  were  computed 
for  trees  of  1-,  2-,  3-,  and  4-log  lengths  and  a  range  of  diameters.     Quality 
Index  values  previously  computed  in  the  log-grade  study  were  inserted, 
assuming  an  orderly  decline  of  one  grade  for  each  successive  log  going  up 
the  tree.     Average  Quality  Index  values  for  each  tree  grade,    length,    and 
diameter  were  then  determined.     These  values  were  plotted  and  smooth 
curves  were  drawn  from  which  tabular  values  for  each  2 -inch  class  were 
obtained.     These  curved  Quality  Index  values  are  shown  for  northern  red 
oak  in  table  2,    and  for  11  other  species  in  the  appendix,   table  6.     Cherry 
and  buckeye  are  the  only  important  species  for  which  data  were  not  avail- 
able for  Quality  Index  curves. 

Table  2 .  -  -Quality  Index  values,   northern  red  oak,   by  tree  grade 


D.b.h. 
(Inches) 


1  -log  trees 


A 


B 


C 


2-log  trees 


A 


B 


3-log  trees 


A 


B 


C 


Quality  Index  Number 


12 
16 
20 
24 
28 
32 


-- 

-- 

55 

-- 

-- 

54 

-- 

-- 

53 

97 

80 

60 

89 

69 

59 

81 

66 

58 

102 

84 

65 

94 

74 

64 

85 

70 

63 

106 

89 

71 

98 

78 

69 

89 

74 

68 

111 

93 

76 

102 

82 

74 

94 

79 

73 

115 

97 

81 

106 

86 

79 

98 

83 

78 

These  Quality  Index  tables  provide  the  base  for  value  computations 
which  will  be  discussed  later  under  the  heading  of  tree  values. 


TREE  VIGOR  CLASSES 

Practically  all  who  have  observed  trees  growing  in  the  woods  and 
many  who  work  with  wood  products  realize  that  there  is  a  great  range  of 
growth  rates  within  the  same  species.     Various  schemes  of  estimating 
growth  rates  based  on  size  and  shape  of  crown,    root  placement,   bark 
character,    and  other  factors  have  been  studied.     Three  vigor  classes  are 
easily  distinguishable  and  will  permit  sufficient  separation  of  growth  rates 
for  practical  purposes. 

The  bark  is  probably  the  most  reliable  single  external  indicator  of 
tree  vigor  for  the  oaks.     The  crown  is  the  most  important  feature  in  de- 
termining vigor  of  the  other  species  and  should  not  be  ignored  even  for 
the  oaks.     Tree  vigor-class  descriptions  for  the  red  and  white  oak  groups 
and  yellow -poplar  have  been  ably  summarized  by  Burkle  and  Guttenberg 
(2^),     Examples  of  species  and  vigor  classes  are  shown  in  figures  1  and  2. 

The  Tennessee  Valley  Authority  foresters  (5^)  recognized  three 
classes  of  vigor:    good,   fair,   and  poor.     Furthermore,   they  separated 
trees  into  these  classes  based  on  the  number  of  rings  in  the  last  inch  of 
radial  growth  so  that  trees  with  7  or  fewer  rings  were  classed  as  good, 
8-17  as  fair,    and  17  or  over  as  poor.     Table  3  describes  the  good  and  the 
poor  Tennessee  Valley  Authority  tree  vigor  classes.     Excellent  pictures 
illustrating  all  three  vigor  classes  and  details  of  bark  character  are  shown 
in  the  publication  (5^)  mentioned  above. 

For  the  other  species  not  included  in  table  3  we  have  reduced  Hol- 
comb  and  Bickford's  (J_0)  crown  class  ratings  for  yellow-poplar  and 
associated  species  to  three  classes  and  have  included  some  item  speci- 
fications as  follows: 

Vigor  class  I    --  Trees  in  this  class  have  large  crowns  and 
are  dominant  or  codominant.     The  crowns  are  dense  with  no 
evidence  of  disease  or  mechanical  injury.     The  main  trunk 
is  sound  and  upright  and  only  minor  defects  are  allowed. 

Vigor  class  II  --  Crowns  in  this  vigor  class  are  fair  sized 
and  in  a  codominant  position  with  only  the  tip  exposed  to 
direct  sunlight.     The  crown  may  be  open  with  some  dead  or 
broken  limbs.     This  class  includes  overtopped  trees  of 
tolerant  species  that  have  dense  crowns  of  good  color. 

Vigor  class  III  --  These  trees  have  small,   overtopped  crowns. 
Included  are  all  living  trees  that  fail  to  meet  the  requirements 
of  the  two  higher  vigor  classes.     Rot  or  decay  may  be  con- 
siderable.    Heavy-lean  and  root-sprung  trees  are  included 
here. 


Table  3 .  -  -Characteristics  of  tree  vigor  classes 

hardwood  species 


1/ 


Features 


for  niajor 


Good  vigor,   up  to  7  rings 
per  radial  inch 


Poor  vigor,    17  or  more 
rings  per  radial  inch 


Crown 


Main  trunk 


Roots 


Bark  by  species: 
White  oak  1' 


Chestnut 
oak 


Black,  scar- 
let, northern 
red  and  south 
ern  red  oaks 

Hickory 


Yellow- 
poplar 


Large,   healthy,   full  and 
dense  with  strong  limbs; 
balanced;  not  competing 
closely  with  other  crowns 


Sound,  upright,  no  more 
than  slight  sweep;  minor 
defects  only. 


Strongly  anchored, 


Dark-colored  with  elon- 
gated fissures;  surface 
on  ridges  is  generally 
flat  with  ridges  only 
infrequently  broken. 

New  bark,   flesh-colored, 
in  fissures  (this   alone 
does  not  define  good 
vigor);  fissures  shallow 
and  elongated. 

New  bark  evident  in 
shallow  fissures. 


New  bark  conspicuous  in 
shallow  fissures. 

New  bark  light  in  color 
with  prominent  V-shaped, 
shallow  fissures 


Small  with  weak  or  dead 
primary  limbs;  broken- 
topped  or  large  limb  stubs; 
major  unbalance;  close  com- 
petition with  other  crowns. 

Rot  or  decay  may  be  con- 
siderable,  heavy  lean  or 
bend,   weak  crotches; 
major  visible  defects. 

Root-sprung. 


Light -colored  with  short 
and  less  distinct  fissures; 
ridges  interrupted  by  many 
cross  breaks.     Thin  bark 
on  1  or  more  faces. 

New  bark  may  still  be  evi- 
dent; fissures  generally 
deep;  cross  breaks  in 
ridges  common. 


No  new  bark  evident,   but  if 
present,   confined  to  a  few 
fissures;  bark  thicker,   fis- 
sures deeper. 

No  new  bark  evident; 
fissures  deeper. 

No  new  bark  evident;  fissures 
generally  deep;  bark  thick 
with  elongated  ridges. 


J^/    From  Table  3  (_5).     The  "fair"  vigor  class  is  important,   but  is 
described  as  intermediate  between  "good"  and  "poor,"   with  8  to  16  rings 
per  radial  inch. 

2_l    Criteria  for  white  oak  adapted  from  Burkle  and  Guttenberg  (2^). 
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Figure   1.  --Distant  and  close  view  of  a  grade  A,    vigor  class  I  har'd  maple 
2  1  inches  d . b. h. 
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VtvO'.' 


Figure  2.  --Distant  and  close  view  of  a  grade  A,    vigor  class  II  white  ash 
tree  2  3  inches  d.b.h. 
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GROWTH  RATES 

Although  past  growth  can  be  measured  by  use  of  an  increment  borer, 
it  is  a  slow  procedure.     Consequently,   Holcomb  and  Bickford's  work  (10) 
in  defining  vigor  classes  and  showing  the  corresponding  growth  rates  is  of 
great  help.     Growth  data  from  table  8  of  their  publication  were  plotted  for 
each  species  by  vigor  classes,   and  smooth  curves  were  drawn  through  the 
points.     Growth  rates  based  on  their  studies,   on  Tennessee  Valley  Author- 
ity data  (5),    and  on  data  collected  near  Asheville,   N.   C.   are  shown  in 
figure  3.     Growth  rates  in  vigor  classes  I,   II,    and  III  from  this  chart  were 
used  in  computing  tree  maturity  sizes. 

The  author's  10-year  radial  growth  data  were  taken  on  more  than  500 
trees  representing  11  out  of  the  13  species  common  to  the  Southern  Appa- 
lachian area.     Only  beech  and  yellow  birch  were  omitted,    since  they  are 
rather  scarce  locally.     Basswood,    sugar  maple,    and  the  hickories  were  the 
only  three  species  studied  which  grew  at  the  same  rate  as  in  the  West 
Virginia  study  (10).     Both  ash  and  red  maple  were  growing  from  30  to  40 
percent  faster  in  western  North  Carolina  than  in  West  Virginia.     The  big 
differences  were  in  the  reversed  positions  of  yellow-poplar  and  northern 
red  oak.     Locally  we  found  northern  red  oak  trees  of  class  I  vigor  aver- 
aging 3.6  inches  d.b.h.   in  growth  during  the  last  10  years,    compared  with 
2.  3  inches  for  West  Virginia.     Yellow-poplar  is  growing  as  well  here  as 
there,   since  it  was  found  to  average  2,5  inches  for  sawlog-size  trees. 
Growth  rates  for  the  oaks  in  general  closely  paralleled  those  observed  by 
Cummings  and  Zarger  (5).     Our  maturity  figures,   which  were  based  on  the 
West  Virginia  growth  data,    should  be  conservative. 

Growth  was  not  clearly  related  to  diameter  in  the  oaks,   maples,   and 
basswood.     For  such  species  as  ash,   hickory,   and  yellow-poplar,    growth 
seems  generally  to  decline  with  increased  d.b.h.    --  at  least  in  vigor  class 
I  (see  figure  4).     In  yellow-poplar  especially,    growth  drops  rapidly  with 
increasing  size,    as  observed  by  Holcomb  and  Bickford  (j_0).     For  example, 
we  found  a  drop  of  over  1  inch  in  d.b.h.   growth  per  decade  between  14-  and 
34 -inch  trees  in  both  vigor  classes  I  and  II, 


TREE  VALUES 


Having  computed  and  curved  tree  Quality  Indices  as  previously  out- 
lined,  the  next  step  was  to  determine  lumber  values  per  M  b.f.   for  trees 
of  each  grade  and  a  range  of  diameters  and  log  lengths.     This  was  done  by 
multiplying  the  Quality  Index  number  for  a  given  size  and  grade  by  the 
current  lumber  value  per  M  b.f.   of  No.    1  common  lumber  for  that  species. 
These  computed  values  were  plotted  and  smooth  curves  drawn  for  all 
species  as  shown  in  figure  5  for  northern  red  oak.     This  figure  illustrates 
good  stratification  of  values  between  grades,   and  serves  to  point  out  the 
effect  of  merchantable  length  on  tree  values  per  M  b.f.     These  lumber 
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VIGOR  CLASS  m 


Beech, YB 


Hickory,Maples,CO,WO 
Ash,Basswood 


YB  =  Yellow  Birch 

CO  =  Chestnut  Oak 

WO  =  White  Oak 

BO  =  Black  Oak 

SO  =  Scarlet  Oak 
YP       Yellow-poplar 

NRO  =  Northern  Red  Oak 


VIGOR  CLASS  U 


2  3 

D.  B.  H.  GROWTH   LAST   TEN  YEARS  (INCHES) 


Figure  3.  --Average  diaineter -growth  rates  of  Appalachian  hardwoods  by 

species  and  vigor  class,   based  on  data  from  studies  by  Holcomb 
and  Bickford  (10),    Cummings  and  Zarger  (5),    and  the  author. 
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SLOWER    GROWING   SPECIES 


CO 


FASTER    GROWING  SPECIES 


20  24 

D.  B.  H.   (INCHES) 


Figure  4.  --Average  growth  rate  of  trees  in  vigor  class  I,    according  to 
species  and  tree  diameter.     Beech  and  birch  data  are  from 
West  Virginia  (J_0) .      The  author's  Southern  Appalachian  data 
were  used  for  the  other  species. 
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per  M  b.f. 
140 


TREE 
GRADE 


20  24 

D.B.H.  (INCHES) 

Figure  5.  --Lumber'  value  of  northern  red  oak  by  tree  grade  and  diameter. 
The  values  are  based  on  band-mill  prices  from  the  Hardwood 
Market  Report  of  October  1953  applied  to  grade-yield  data 
from  the  Appalachian  territory. 
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values  are  useful  in  appraisals  and  for  other  purposes,   but  before  we  can 
compute  economic  maturity  sizes  we  need  to  know  the  relative  stumpage 
values  of  various  tree  sizes  and  grades. 

In  order  to  compute  stumpage  values,    we  must  know  or  assume  some 
conversion  costs  (logging  and  milling)  plus  a  margin  for  profit  and  risk. 
These  costs  are  deducted  from  the  lumber  values  computed  above.     A  table 
of  logging  and  milling  costs  per  M  b.f.   by  d.b.h.   class  was  prepared  and 
is  shown  as  table  7  in  the  appendix.     Some  cost  factors  had  to  be  assumed, 
such  as  length  of  skid  and  length  of  haul  and  road  construction  costs. 
Timber  cutting,    skidding,    loading,    and  hauling  costs  were  taken  from 
Southeastern  Forest  Experiment  Station  Paper  30  (4).  Milling  costs  for 
band  mills  as  given  in  appraisal  instructions  of  Region  8  of  the  United 
States  Forest  Service  were  adjusted  to  tree  size  based  on  Tennessee  Valley 
Authority  time  studies.     Band-mill  costs  were  needed  since  band-mill  lum- 
ber values  were  used  above  in  computing  tree  values.     Circular-mill  costs 
and  selling  prices  would  be  equally  suitable  if  they  could  be  obtained.     The 
profit  and  risk  margin  was  computed  as  a  percentage  of  the  lumber  value, 
as  in  the  usual  Forest  Service  appraisal. 

With  stumpage  values  still  on  an  M  b.f.  basis,    it  was  necessary  to 
convert  them  to  a  tree  basis  by  use  of  the  same  tree  volume  tables  used 
earlier  in  computing  weighted  Quality  Indices.     These  computed  stumpage 
values  were  then  plotted  and  curves  were  drawn  so  that  intermediate  values 
could  be  read  from  the  curves.     These  values   are  shown  in  table  4  for 
northern  red  oak  and  in  appendix  table  8  for  other  species.     The  values 
shown  are  purely  illustrative,    since  both  selling  prices  and  production 
costs  change  with  time  and  location. 

1/ 
Table  4.  --Tree  stumpage  values       of  northern  red  oak  by  tree  grade 

(In  dollars) 


D.b.h. 
(Inches) 


1-loe  trees 


A 


B 


C 


2  -log  trees 


A 


B 


C 


3-loff  trees 


A 


B 


C 


12 

-- 

-- 

.15 

-- 

-- 

.30 

-- 

-- 

.35 

14 

-- 

-- 

.40 

-- 

-- 

.70 

-- 

-- 

.80 

16 

4.40 

2.60 

.90 

6.40 

2.80 

1.40 

6.60 

3.00 

1.70 

18 

6.60 

4.10 

1.80 

9.50 

4.60 

2.80 

10.00 

5.30 

3.50 

20 

9.50 

6.20 

3.10 

13.50 

7.20 

4.80 

15.00 

8.80 

6.00 

22 

12.50 

9.00 

4.90 

19.00 

11.00 

7.80 

21.50 

13.00 

9.60 

24 

16.00 

12.00 

7.00 

25.00 

15.00 

11.50 

29.00 

19.00 

14.00 

26 

20.00 

15.00 

9.30 

31.50 

20.00 

15.50 

37.00 

25.00 

19.00 

28 

24.00 

18.00 

11.80 

38.00 

25.00 

19.50 

45.00 

31.50 

24.00 

30 

27.00 

21.00 

14.00 

44.00 

30.00 

24.00 

53.00 

38.00 

29.00 

ij     Tree  values  shown  were  read  from  curves  on  semi-log  paper, 
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Stumpage  values  read  from  the  above  curves  were  then  listed  for  each 
2 -inch  diameter  class  for  each  log  length  and  for  each  tree  grade  of  the 
species  for  use  in  computing  economic  maturity.     The  increase  in  value  from 
one  d.b.h.   class  to  the  next  was  determined,    and  this  increase  divided  by  the 
initial  value  gives  the  percentage  increase.     This  increase  when  related  to  the 
time  required  to  grow  the  2  inches  determines  the  economic  maturity. 

ECONOMIC  MATURITY 

Economic  maturity  in  this  paper  is  considered  as  the  tree  size  beyond 
which  the  increase  in  value  (per  2-inch  d.b.h.    class)  is  less  than  3-percent 
compounded  annually.     The  3 -percent  figure  was  chosen  as  a  suitable  rate 
for  public  properties.     Adjustment  factors  for  computing  economic  maturity 
sizes  at  other  interest  rates  are  given  at  the  end  of  this  section. 

Appropriate  growth  rates  by  species  and  vigor  class  (fig.  3)  produced 
the  maturity  sizes  shown  in  table  5  for  the  various  species  and  grades.     For 
vigor  class  I  most  trees  are  economically  mature  at  26  inches  d.b.h.  plus  or 
minus  1  inch  according  to  the  grade  of  the  tree.     For  vigor  class  II,   they  be- 
come mature  at  22  inches  d.b.h.,   plus  or  minus  1  inch,  and  for  vigor  class 
III  maturity  comes  at  a  still  smaller  size--about  19  inches  d.b.h.   Separate 
groupings  of  fast-  and  slow-growing  species  by  vigor  class  had  little  effect 
on  maturity  size  except  in  Class  I,   where  an  inch  faster  growth  than  was 
used  in  table  5  resulted  in  an  average  of  2  inches  larger  d.b.h.   at  maturity. 
Details  of  maturity  sizes  by  tree  grade  and  log  lengths  are  shown  in  appendix 
table  9. 


U  2/ 

Table  5. --Economic  maturity       by  species,    vigor  class,       and  log  length 

(In  inches) 


Vigor  c 

lass  1 

Vigor  class  II 

Vigor  class  III 

Species 

10 -year 

growth    3/ 

;  Maturity 
:   d.b.h.   4/ 

10 -year        ;  Maturity 
growth  1/    :    d.b.h.  ±1 

10-year      :  Maturity  d.b.h.   4/ 
growth  .3/   :    i   log     :     2  or  more 

Ash 

3 

20 

Basswood 

2 

30 

Beech 

1 

60 

Yellow  birch 

2 

00 

Hickory 

1 

85 

H.   maple 

2 

30 

R.  maple 

2 

30 

Y.   poplar 

2 

80 

Black  oak 
Scarlet  oak  -' 

2 

30 

2 

80 

N.    R.   oak 

3 

60 

Chestnut  oak 

2 

10 

White  oak 

2 

10 

29 
24 
24 
26 
27 
24 
26 
26 
26 
23 
30 
25 
25 


2 

00 

1 

60 

1 

10 

1 

30 

1 

30 

1.50 
1.  50 
1.85 

1.  70 
1.85 

2.  30 
1.40 
1.40 


24 
21 
19 
21 
24 
20 
22 
23 
23 
21 
25 
21 
20 


1.20 
1.20 
.80 
.80 
1.00 
1.00 


00 
40 
30 


1.40 
1.70 
1.00 
1.00 


19 

18 

16 

IG 

18 

18 

19 

19 

21 

23 

16 

15 

18 

18 

18 

18 

20 

21 

18 

20 

22 

22 

21 

21 

18 

19 

Average 
Range 


2.4 
1.  6 


3.6 


26 
23 


30 


1.60 
1.1- 


2 .  3 


22 

19  -  25 


1.  1 


-1.7 


19 
16 


22 


19 
15 


23 


i/     Assuming  equal  growing  time  between  each  2"  d.b.h.   and  3  percent  minimum  return. 

2/    Vigor  classes  as  described  by  Holcomb  and  Bickford  (10). 

3/    Growth  rates  are  taken  from  figure  1. 

4/    Average  for  tree  grades  A,   B,    C. 

5/    Based  on  values  shown  in  Tennessee  Valley  Authority  report  (5^).    Sizes  shown  under 
class  I  are  average  for  B,    C  grades;  grade  A  matures  at  16  inches.     In  class  II,   grade  B 
matures  at  17  inches. 
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A  word  of  caution  is  needed  regarding  the  economic  maturity  of 
hickory  and  yellow-poplar.     Practically  all  the  No.    1  hickory  logs  were 
from  the  Central  States  area;  apparently  grade  A  trees  are  uncommon  in 
the  Appalachians.     Hickory  is  shown  to  mature  at  a  relatively  larger  size, 
but  this  is  due  primarily  to  the  negative  tree  values  up  to  about  20  inches 
d.b.h.     Yellow-poplar  on  the  other  hand  is  "normal"  in  that  positive  values 
are  indicated  above  14  inches,   but  the  growth  rate  (2.8  inches)  used  for  this 
vigor  class  may  be  too  high  {!)  for  trees  over  24  inches  d.b.h.  (see  fig.  4). 
Consequently,    it  is  believed  that  trees  of  this  species  when  managed  for 
lumber  production  will  not  justify  holding  beyond  27  inches  d.b.h.,    even 
in  vigor  class  I,    when  a  3-percent  return  is  required.     When  held  for 
veneer,   perhaps  30  inches  is  the  maximum.     However,   we  do  not  have  at 
present  a  sound  basis  for  estimating  this  upper  limit.     On  the  other  hand, 
our  studies  indicate  northern  red  oak,   for  example,    will  maintain  the  rapid 
growth  rate  indicated  through  the  maturity  sizes  shown. 

If  a  species  is  growing  faster  than  shown  in  table  5,  maturity  sizes 
are  increased.  For  example,  in  northern  red  oak  a  diameter  increase  of 
2  inches  in  5  years  instead  of  8  increased  the  maturity  size  an  average  of 
5  inches  in  vigor  class  I. 

Though  the  maturity  sizes  shown  in  table  5  are  based  on  average 
grade  yields  usually  from  a  wide  area  and  average  growth  rates,   there 
are  good  reasons  for  localized  variations  in  economic  maturity  sizes.   The 
case  for  holding  northern  red  oak  to  30  inches  based  on  local  growth  rates 
has  already  been  mentioned.     Ash  and  red  maple  can  also  be  held  to  larger 
sizes  here  than  in  West  Virginia  for  the  same  reason.     Sugar  maple  for 
example,    can  also  be  held  locally  to  a  larger  size   (probably  28  inches) 
in  spite  of  a  similar  average  growth  rate  because  of  higher  local  lumber 
yields  and  values.     On  poor  sites  where  the  growth  rates  and  yields  would 
be  below  average,    a  smaller  economic  maturity  size  is  indicated.     The 
actual  size  can  be  computed  once  the  local  growth  rate  is  known. 

Volume  growth  alone  will  seldom  justify  holding  the  tree  much  beyond 
its  peak  of  current  annual  increment.     The  return  from  volume  increment 
alone  in  trees  that  have  already  attained  financial  maturity  is  estimated  to 
be  only  1  to  3  percent  according  to  Cummings  and  Zarger  (5).    As  clear 
lumber  becomes  scarcer  and  value  of  larger  clear  trees  increases,   it  may 
pay  to  hold  the  better  trees  to  larger  sizes  than  those  shown  here. 

Low-value  trees  should  not  be  kept  solely  because  they  are  earning 
a  high  rate  of  interest  on  a  small  capital  investment.     In  mixed  stands 
particularly,   we  should  favor  the  high -value  species  and  individuals  in 
order  to  obtain  maximum  returns  per  acre. 

Decreasing  the  3 -percent  minimum  acceptable  rate  of  earning  by 
1  percent  raises  the  economic  maturity  size  by  an  average  of  3  inches 
d.b.h.  for  most  species  and  vigor  classes.     Increasing  the  rate  1  percent 
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(to  4  percent)  lowered  the  maturity  size  by  the  same  amount,   except  in  vigor 
class  II  and  III,   where  for  many  species  only  grade  C  trees  could  meet  the 
4 -percent  requirement.     Grade  A  trees  would  have  to  be  cut  as  soon  as  they 
reach  the  minimum  size. 

It  will  pay  to  hold  most  species  listed  in  table  5  beyond  their  normal 
economic  maximum  d.b.h.,  if  they  are  in  vigor  class  I  or  II,   and  if  there  is 
a  chance  of  their  increasing  a  grade  (quality  class)  or  increasing  one  log  in 
merchantable  length  while  growing  the  next  2  inches  in  diameter.   Thus,   a 
grade  B  or  C  tree  mature  at  20  inches  could  be  held  over  if  a  grade  or  a  log 
increase  is  likely  by  the  time  of  the  next  cut.     Usually  the  rate  of  return  dur- 
ing this  period  will  exceed  4  percent  compounded,    depending  on  the  species, 
grade,   and  vigor  class. 


SUMMARY 


This  paper  traces  the  development  of  hardwood  tree  grading  from 
its  origin  in  the  Lake  States  to  its  present  stage  of  refinement  in  the 
Appalachians.     The  author's  contribution  of  synthesizing  grade  yields, 
and  quality  index  values  for  whole  trees  from  those  of  graded  butt  and 
upper  logs  is  also  summarized.     His  analysis  of  yields  of  some  6,000 
Forest  Products  Laboratory  logs  and  some  4,000  Tennessee  Valley 
Authority  logs  has  resulted  in  improved  yield  estimates  for  several  of 
the  dozen  commercially  important  species  of  the  Southern  Appalachian 
region. 

The  use  of  vigor  classes  as  indicators  of  growth  rates,  while  not 
new,  has  been  considerably  refined  in  recent  years.  In  most  cases, 
correct  cataloguing  of  vigor  class  eliminates  the  need  for  boring  a  tree 
to  determine  its  growth  rate.  The  author's  own  local  growth  studies  were 
used  in  combination  with  others,  or  separately,  in  order  to  predict  the 
size  at  which  economic  maturity  is  attained  by  the  various  commercial 
species  and  classes  of  trees  found  in  the  Southern  Appalachians. 

Tree  grading  alone  should  greatly  improve  the  accuracy  of  timber 
sale  appraisals  over  the  present  system  of  estimating  average  tree  quality. 

Percentage  earnings  of  all  species  decline  as  the  tree  gets  largei — 
for  any  single  use  such  as  lumber.     Earnings  also  dechne  from  high  to 
low  vigor  class,   as  might  be  expected. 

In  choosing  between  two  sound  trees  of  the  same  approximate  size, 
equally  spaced,    leave  the  faster  growing  one.     Furthermore,    a  tall  tree 
should  be  left  in  preference  to  a  short  one.     Hold  for  the  next  cut  any  tree 
of  high-value  species  in  vigor  class  I  or  II  if  there  is  a  chance  of  its  in- 
creasing a  grade  or  a  log  length  by  that  time. 
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Holding  a  tree  beyond  the  economic  maturity  size  shown  in  this  paper 
may   be  well  justified  if  it  can  qualify  for  a  special  use  more  valuable  than 
lumber,    such  as  veneer  or  stave  bolts. 

The  basic  tables  given  in  the  appendix  can  be  used  for  computing  new 
tree  and  stumpage  values  for  any  given  location  or  change  in  lumber  values. 
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APPENDIX 


The  following  tables  are  included  for  the  purpose  of  permitting  new 
computations  of  tree  values  based  on  different  lumber  prices  and  logging 
costs.     They  may  also  be  used  in  computing  different  economic  maturity 
sizes  based  on  local  growth  rates  and  stumpage  values. 
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Table  7.  --Logging  and  milling  costs  per  M  b.f . 


Item 


Source 

of 

data 


Treed.b.h.   (Inches) 


12 


16 


20 


24 


30 


Fell  and  buck 

Soft  hardwood,   sound  (    Ij) 

Including  15%  cull 

Hard  hardwood,   sound 
Including  15%  cull 

Skidding  16  chains 

All  species,    sound  (  2/) 

Including  10%  cull 

Loading 

All  species,    sound  (   3/  ) 

Including  10%  cull 

Hauling  1  mi.  woods  and  15 
mi.   highway 

All  species,    sound  (   4/) 

Including  10%  cull 

Total  logging 

Soft  hardwoods 
Hard  hardwoods 

Milling  -^ 

Total 

Soft  hardwoods 
Hard  hardwoods 


3.80 

2.50 

Dollars 
2.00 

1.60 

1.40 

4.40 

2.90 

2.30 

1.85 

1.60 

6.00 

4,40 

3.50 

2.90 

2.40 

6.90 

5.10 

4.00 

3.30 

2.75 

5.40 

3.50 

2.80 

2.60 

1.80 

5.90 

3.85 

3.10 

2.90 

2.00 

3.00 

2.00 

1.60 

1.40 

1.20 

3.30 

2.20 

1.80 

1.50 

1.30 

7.10 
7.80 


7.10 
7.80 


7.10 
7.80 


7.10 
7.80 


7.10 
7.80 


23.40       18.75       17.00       16.00       14.70 
25.90       21.00       18.70       17.50       15.80 

48.00       38.00       33.00       27.50       31.50 


71.40       56.75       50.00      43.50      46.25 
73.90       59.00       51.75      45.00      47.25 


ll    From  table  1,   Southeastern  Forest  Expt.   Sta.   Paper  30,   October  1953. 

2/    From  table  2, 

3/    From  table  3.  "  "  ' ' 

4/    From  table  4, 

5/     Milling  costs  shown  are  based  on  Region  8  appraisal  instructions  for 
band  mills.     The  spread  in  costs  both  ways  from  the  $33.00  average  is  based  on 
Tennessee  Valley  Authority  circle  mill  studies  and  may  not  be  accurate  for  band 
mills  but  has  little  effect  on  maturity  sizes. 
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